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[57] ABSTRACT 

A gun system comprising a recoiling cannon assembly, 
a stationary carriage having a cradle, and a campath and 
cam follower mechanism for moveably mounting the 
cannon assembly on the cradle,for travel along a two- 
stage curvilinear recoil path. The first stage has a linear 
portion shaped to maintain prefiring orientation, and a 
curved portion with a decreasing radius of curvature in 
the direction of travel (i.e., recoil) to accelerate the 
cannon assembly upwards. The second stage, which 
may be straight or have a curved configuration different 
from that of the first stage, causes the cannon assembly’s 
upward motion to be decelerated in a controlled man¬ 
ner. A recoil buffer assembly has deceleration charac¬ 
teristics matched in a predetermined relationship to the 
configuration of the curvilinear path, so that the instan¬ 
taneous stabilizing moment of the reaction to the up¬ 
ward force of the recoiling cannon assembly and the 
moment of the static weight of the gun system. The 
campath mechanism can be mounted on the cannon 
assembly or on the cradle, with the cam follower mech¬ 
anism correspondingly mounted on the cradle or can¬ 
non mechanism respectively. 

13 Claims, 19 Drawing Sheets 






















































U.S. Patent May ll, 1993 Sheet 7 of 19 


5,210,370 

















U.S. Patent May ll, 1993 Sheet 9 of 19 5,210,370 




£/G-20jL 


f T * G/6-20* 







































































ROLLER 



TRUNNION 





TRACKS INITIAL 
0 ROLLER POSITION 


U.S. Patent 


May 11, 1993 


Sheet 19 of 19 


5,210,370 



FIG. 39 




1 


5,210,370 


2 

these and other problems to which the present inven- 
LIGHTWEIGHT WEAPON STABILIZING SYSTEM tion is directed. 


BACKGROUND OF THE INVENTION 

This application is a Continuation-In-Part of U.S. 
patent Ser. No. 463,801, filed Jan. 11, 1990, and now 
abandoned, which is a Continuation of U.S. patent Ser. 
No. 147,317, filed Jan. 22, 1988, and now abandoned. 

The present invention is directed to the field of gun 
systems, and more specifically directed to a stabilizing 
system using curvilinear recoil energy management to 
improve weapon stability for gun systems, especially 
towed artillery. 

Recoil systems currently in use for artillery, and par¬ 
ticularly towed artillery, are strictly rectilinear. In other 
words, the axis of motion during recoil is coaxial with 
the tube axis. Retardation of the recoiling parts is pro¬ 
vided by one or more hydropneumatic cylinders, in 
which a working fluid is forced through one or more 
orifices. In these currently used systems, the moment of 
retarding force tends to tip the gun over backwards. 
Opposing this is the moment of weapon weight about 
the trail ends. If the overturning moment exceeds the 
downward weight moment, the weapon will momen¬ 
tarily lift about its trail ends. This condition is termed 
“instability,” and is undesirable because of (1) possible 
damage to the weapon and (2) gross weapon movement 
requiring resighting. 

An alternative, non-rectilinear, recoil system is dis¬ 
closed in U.S. Pat. No. 3,114,291 to Ashley. As shown 
in Ashley’s FIG. 1, the system makes use of levers and 
guides. There are two guideways 8 and 23 and two 
levers 6 and 7. Levers 6 and 7 connect slide 9 and guide¬ 
way 8 to barrel 5. Lever 7 extends to a second guideway 
12, which can be curved, so that during recoil the barrel 
is forced to a rearward and upward position. The barrel 
is moved so that the recoil force is directed down, 
rather than only back. However, Ashley does not ad¬ 
dress the problem of controlled deceleration of upward 
velocity to maintain stability, so that the lightweight 
weapon stability problem remains unsolved. 

German Patent No. 75137 to Ollivier describes a 
curved recoil path which causes increased pressure of 
adhesion between the gun and the ground, and states 
that the path may be either a circular arc or some other 
geometric curve, or even a path formed by curves and 
straight lines. Ollivier does not however teach a two- 
stage curvilinear path, with the first stage inducing a 
vertical acceleration component to the recoiling mass 
and a second stage for controlling vertical deceleration 
of the mass. 

Significantly, neither Ashley or Ollivier teach how 
the characteristics of a recoil buffer system and the 
shape of the guideway o recoil path can be matched to 
optimize stability. 

U.S. Pat. No. 439,570 to Anderson and U.S. Pat. No. 
463,463 to Spiller disclose “disappearing” guns which, 
after being fired, rotate vertically so that they descend 
behind a wall. This motion is caused by recoil. Ander¬ 
son and Spiller also do not solve the problem of light¬ 
weight weapon stability. Also, Anderson and Spiller 
disclose gun mountings which are suitable for use only 
with heavy ordnance. 

In summary, no system exists which addresses the 
problem of deceleration of upward velocity and which 
uses recoil means to optimize stability in a manner appli¬ 
cable to lightweight towed weapons. It is the solution of 


SUMMARY OF THE INVENTION 

Therefore, it is the primary object of this invention to 
provide a system for providing improved weapon sta¬ 
bility for gun systems. 

It is another object of this invention to provide a 
system for providing improved weapon stability for 
towed artillery. 

It is still another Object of this invention to provide a 
weapon stabilizing system for use with lightweight 
artillery. 

It is still another object of this invention to provide a 
weapon stabilizing system which imposes a transient 
stabilizing moment during times of high destabilizing 
recoil loads. 

It is yet another object of this invention to provide a 
weapon stabilizing system in which the transient stabi¬ 
lizing moment is tailored to overcome the destabilizing 
recoil loads to assure that the weapon never lifts off the 
ground. 

It is yet another object of this invention to provide a 
weapon stabilizing system which does not rely solely on 
the static moment of weapon weight about the trail 
ends, so that a lighter structure can be employed with¬ 
out fear of instability. 

The foregoing and other objects of the invention are 
achieved by provision of a gun system having a fixed 
carriage and a cradle for elevating the gun supported by 
the carriage and which remains relatively fixed during 
the firing cycle. A recoiling cannon assembly is movea- 
bly mounted in relation to the cradle so that the cannon 
assembly can travel on a defined recoil path. The gun 
system has recoil braking means for decelerating the 
cannon assembly and conventional recouperator means 
for returning the cannon assembly to its original prefir¬ 
ing orientation. The recoil path is a two-stage curvilin¬ 
ear path, the first stage having a curved configuration 
portion to produce an upward force and vertical accel¬ 
eration component to the center of mass of the recoiling 
cannon assembly and the second stage having a configu¬ 
ration different from that of the first stage for causing 
controlled vertical deceleration of the cannon assembly 
during recoil. The recoil system generates a retarding 
force which predictably and controllably decelerates 
the cannon assembly, and is adapted such that the mag¬ 
nitude of the retarding force is matched in a predeter¬ 
mined relationship to the configuration of the two-stage 
curvilinear recoil path. In this way the instantaneous 
de-stabilizing moment of the recoil forces is overcome 
by the instantaneous stabilizing moment of the forces 
resulting from the reaction to the upward force of the 
recoiling cannon assembly in the curved configuration 
portion of the first stage of the curvilinear recoil path, 
and the moment of the static weight of the gun system. 

It is therefore possible by dynamic analysis of the 
forces in operation during recoil to select or design 
suitable characteristics for the recoil system, and by 
appropriate design of the exact configuration of the 
two-stage curvilinear recoil path in relation to such 
characteristics, to maximize the stabilizing moment of 
the reaction to the upward force of the recoiling cannon 
assembly in relation to the destabilizing moment of the 
recoil system. In this way, the moment of the static 
weight of the gun system required to maintain stability 
is minimized. This allows the static weight of the gun 
system to be reduced while maintaining stability. 
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The first stage of the two-stage curvilinear recoil path 
preferably has a linear portion shaped to maintain the 
prefiring orientation of the cannon assembly at the be¬ 
ginning of recoil. The curved configuration portion of 
the first stage preferably has a portion of decreasing 5 
radius of curvature in the direction of recoil travel. The 
second stage of the two-stage curvilinear recoil path 
may be either linear or curved in either the same or the 
opposite direction as the first stage, or a combination of 
these, as necessary. If curved in the same direction as 10 
the first stage, the second stage will have a shallower 
curve than that of the first. 

In one aspect of the invention, the mechanism for 
moveably mounting the cannon assembly in relation to 
the cradle comprises a campath mechanism and a cam 15 
follower mechanism associated with the campath mech¬ 
anism, the campath mechanism having a first stage hav¬ 
ing a curved portion and a second stage, which is either 
curved or straight, or both. The campath mechanism 
can be fixedly mounted on the cannon assembly, with 20 
the cam follower mechanism fixedly mounted on the 
carriage portion, or the campath mechanism can be 
fixedly mounted on the carriage portion with the cam 
follower mechanism being fixedly mounted on the can¬ 
non assembly. 25 

When used on a weapon such as a Light Towed 
Howitzer, the mounting mechanism causes the weapon 
to remain stable (that is, to remain in contact with the 
ground) at all times under all firing conditions. Applica¬ 
tion of the mounting mechanism to an otherwise stan- 30 
dard weapon results in a weapon which weighs consid¬ 
erably less than current weapons of similar perfor¬ 
mance. In a specific application, this apparatus results in 
a weight reduction of more than 40% over the lightest 
155 mm towed howitzer currently in service. 35 

A better understanding of the disclosed embodiments 
of the invention will be achieved when the accompany¬ 
ing detailed description is considered in conjunction 
with the appended drawings, in which like reference 
numerals are used for the same parts illustrated in the 40 
different figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a right elevational view of a light weight 
towed Howitzer incorporating a first embodiment of 45 
the stabilizing system of the invention; 

FIG. 2 is a partial, top plan view of FIG. 1; 

FIG. 3 is a partial perspective view of the mounting 
mechanism of the cannon shown in FIG. 1; 

FIG. 4 is an exploded perspective view of a right side 50 
roller set and campath of the mounting mechanism 
shown in FIG. 3; 

FIG. 5 is a perspective view of a left side roller set 
and campath of the mounting mechanism shown in- 
FIG. 3; 55 

FIG. 6 is a cross-sectional view of the stabilizing 
system, taken along line 6—6 of FIG. 1; 

FIG. 7 is a top plan view of FIG. 6; 

FIG. 8 is a partial, right elevational view of a light 
weight towed Howitzer incorporating a second em- 60 
bodiment of the stabilizing system of the invention; 

FIG. 9 is a top plan view of FIG. 8; 

FIG. 10 is a cross-sectional view of the stabilizing 
system shown in FIG. 8, taken along line 10—10 of 
FIG. 8; 65 

FIG. 11 is a cross-sectional view of the mounting 
mechanism of the cannon, taken along line 11—11 of 
FIG. 10; 
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FIG. 12 is a graph plotting the path of the center of 
mass of the recoiling parts for the first embodiment of 
the stabilizing system of the invention; 

FIG. 13 is a graph plotting cannon reaction forces 
versus recoil length for the first embodiment of the 
stabilizing system of the invention; 

FIGS. 14 a and 146 are graphs plotting axial and nor¬ 
mal force, respectively, versus time for the first embodi¬ 
ment of the stabilizing system of the invention; 

FIGS. 15a and 156 are graphs plotting the tube-axial 
and tube-normal recoil velocities, respectively, versus 
time for the first embodiment of the stabilizing system 
of the invention; 

FIG. 15c is a graph plotting maximum tube-normal 
displacement versus maximum tube-axial displacement 
for the first embodiment of the stabilizing system of the 
invention; 

FIG. 16 is a diagrammatic representation of the gen¬ 
eral gun configuration for the first embodiment of the 
stabilizing system of the invention; 

FIG. 17 is a diagrammatic representation of the 
forces acting on the cannon assembly for the first em¬ 
bodiment of the stabilizing system of the invention; 

FIG. 18 is a diagrammatic representation of the 
forces acting on the carriage and cradle assembly for 
the first embodiment of the stabilizing system of the 
invention; 

FIGS. 19a-19c are free body diagrams of the cannon 
showing the forces acting on the cannon for the first 
embodiment of the stabilizing system of the invention; 

FIGS. 20a and 206 are vector diagrams showing the 
forces acting on the cannon for the first embodiment of 
the stabilizing system of the invention; and 

FIG. 21 is a graph plotting orifice areas for long and 
short recoils for the first embodiment of the stabilizing 
system of the invention; 

FIG. 22 is a graph plotting moments versus recoil 
time; 

FIG. 23 is a graph plotting vertical reaction on the 
firing platform versus recoil length; 

FIG. 24 is a graph showing the effect of charge on 
stability (i.e. vertical ground force); 

FIG. 25 is a graph plotting cannon velocities versus 
recoil length; 

FIG. 26 is a graph plotting cannon accelerations 
versus recoil length; 

FIG. 27 is a graph plotting track angle versus recoil 
length; 

FIG. 28 is a graph plotting recoil height versus recoil 
length; 

FIG. 29 is a top, plan view of a light weight towed 
Howitzer incorporating a third embodiment of the sta¬ 
bilizing system of the invention; 

FIG. 30 is a right elevational view of FIG. 29; 

FIG. 31a is an enlarged right elevational view of the 
cannon and its mounting mechanism as shown in FIG. 
30; 

FIG. 316 is a rear elevational view of FIG. 31a; 

FIG. 32 is a partial cross-sectional view of the right 
side of the roller assembly and right track of the mount¬ 
ing mechanism shown in FIG. 31a; 

FIG. 33a, is a top, plan view of a mounting mecha¬ 
nism for a cannon of a light weight towed Howitzer 
incorporating a fourth embodiment of the stabilizing 
system of the invention; 

FIG. 336 is a right elevational view of FIG. 33a; 
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FIG. 34a is a top, plan view of the cannon and its 
mounting mechanism as shown in FIG. 29, in the fully 
recoiled position; 

FIG. 346 is a top, plan view of the cannon and its 
mounting mechanism as shown in FIG. 29, at rest; 5 

FIG. 34c is a rear elevation of FIG. 346; 

FIG. 34 d is a front elevation of FIG. 346; 

FIG. 35 is a right elevational view of the Howitzer of 
FIG. 29, in the fully recoiled position; 

FIG. 36 is a diagrammatic representation of the gen- 10 
eral gun configuration for the second embodiment of 
the stabilizing system of the invention; 

FIG. 37 is a diagrammatic representation of the driv¬ 
ing force acting on the cannon assembly and its applica¬ 
tion points, for the second embodiment of the stabilizing 15 
system of the invention; 

FIG. 38 is a diagrammatic representation of the con¬ 
servative force acting on the cannon assembly and its 
application points, for the second embodiment of the 
stabilizing system of the invention; and 20 

FIG. 39 is a vector diagram illustrating the points 
used to describe the cannon’s position and orientation 
relative to the trunnion, for the second embodiment of 
the stabilizing system of the invention. 

DESCRIPTION OF THE PREFERRED 25 
EMBODIMENTS 

In the present invention, curvilinear recoil is used to 
provide stability to a lightweight towed Howitzer or 
the like. As will be described in greater detail below, 30 
curvilinear recoil works as follows: the recoiling parts 
travel rearwardly and upwardly during recoil in curved 
tracks mounted to the recoil cradle assembly. 

Weapon stability requires the balancing of the desta¬ 
bilizing (recoil) moment by an equal and opposite stabi- 35 
lizing moment. In conventional towed weapons, e.g. an 
Ml98 Howitzer which weighs 15,000 pounds, this stabi¬ 
lizing moment is derived from gravity acting upon the 
weapon’s mass. In the lightweight towed Howitzer, the 
weapon weight is 9,000 pounds, just over one-half that 40 
of existing large caliber weapons; the available stabiliz¬ 
ing moment therefore is substantially reduced com¬ 
pared with that of the conventional weapon. 

Our invention involves generating an additional ver¬ 
tical force which produces a supplemental stabilizing 45 
moment, counteracting the destabilizing moment of the 
recoil force. This vertical force acts upon the recoiling 
parts, resulting in a recoil path which is both rearward 
and upward. From the shape of this path, we have 
termed it “curvilinear” in contrast to conventional 50 
straight-line or “rectilinear,” recoil motion. 

The application of a vertical upward force to the 
recoiling parts causes an equal and opposite downward 
reaction force on the non-recoiling parts in accordance 
with Newton’s Third Law. This downward reaction 55 
supplements the gravitational force, and acts as a stabi¬ 
lizing moment about the trail ends, permitting recoil 
loads to be higher without an unstable condition result¬ 
ing. The vertical force on the recoiling parts results in 
an upward velocity, and this velocity must be returned 60 
to zero by the end of the recoil stroke. This results in a 
two stage recoil cycle, which is described with respect 
to a lightweight towed 155 millimeter,. Howitzer incor¬ 
porating a first embodiment of the invention. 

Referring now to FIGS. 1-7, there is shown a con- 65 
ventional lightweight towed 155 millimeter Howitzer 
110 modified to incorporate a first embodiment of the 
stabilizing system of the invention. Howitzer 110 com- 
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prises a conventional stationary carriage mechanism 
112 comprising an upper carriage 112a and a lower 
carriage 1126 and ground contact 112c supported by 
conventional running gear 14 and conventional trails 
and trail end ground contacts 18. A cradle assembly 122 
having left and right sides 124 and 126 held together at 
the top by cross members 27 and modified according to 
the invention as will be described in greater detail here¬ 
inafter is pivotally mounted on upper carriage 112a. 
Cradle assembly 122 is rotated up or down by conven¬ 
tional elevation and traverse means, shown here as left 
and right pistons 28 and 30. 

As shown in FIG. 1, a cannon assembly 32 having a 
longitudinal tube axis A is mounted in cradle assembly 
122 for reciprocating movement between a first, for¬ 
ward and downward position (solid lines) and a second, 
rearward and upward position (dashed lines). Most of 
the recoil energy is absorbed and the cannon is returned 
to battery by a conventional recoil recuperator mecha¬ 
nism assembly, such as left and right recoil/recuperator 
cylinders 34 and 36 pivotally mounted between cradle 
assembly 122 and cannon assembly 32. 

Cannon assembly 32, cradle assembly 122, and recoil 
mechanism assembly 34, 36 define the elevating mass of 
Howitzer 110. Cannon assembly 32, cradle assembly 
122, recoil mechanism assembly 34, 36, and upper car¬ 
riage 112a define the traversing mass of Howitzer 110. 
Cannon assembly 32 and recoil mechanism assembly 34, 
36 define the recoiling mass of Howitzer 110. 

The mounting mechanism for cannon assembly 32 
includes a forward yoke 138 positioned forward of the 
tube center of mass and a rearward yoke 140 positioned 
rearward of the tube center of mass. Yokes 138 and 140 
comprise cylindrical central collars 142 and 144, respec¬ 
tively, for supporting and housing cannon assembly 32 
and forward left and right ears 146a and 1466 and rear¬ 
ward left and right ears 148a and 1486, respectively, in 
the form of tapered structures extending from either 
side of central collars 142 and 144. Each collar includes 
a torque key 150 to prevent spinning between the yoke 
and the cannon tube, and a doubler 152 enveloping 
torque key 150. Forward left and right twin roller sets 
154c and 1546 are mounted on forward left and right 
ears 146c and 1466 and rearward left and right twin 
roller sets 156a and 1566 are mounted on rearward left 
and right ears 148c and 1486, respectively, via stub axles 
162. Left twin rollers 154c and 156c preferably are flat, 
i.e., have rectangular longitudinal cross-sections, while 
right twin rollers 1546 and 1566 are trapezoidal, i.e., 
have trapezoidal longitudinal cross-sections. 

The left and right sides 124 and 126 of cradle assem¬ 
bly 122 are provided with forward left and right parallel 
campaths 164a and 1646, respectively, for movably 
engaging forward left and right roller sets 154a and 
1546, and rearward left and right parallel campaths 166a 
and 1666, respectively, for movably engaging rearward 
roller sets 156a and 1566, respectively. Forward and 
rearward left campaths 164c and 166a have rectangular 
cross-sections, while forward and rearward right cam- 
paths 166a and 1666 have cross-sections which are rect¬ 
angular with a necked in portion at the outer face to 
better accommodate lateral thrust loads. The precise 
location of yokes 138 and 140 and their appended roller 
sets 154a and 1546 and 156a and 1566 is determined by 
convenience with respect to the overall weapon design. 
The locations will affect the division of force between 
the forward and rearward roller sets. As shown in 
FIGS. 1 and 3, campaths 164a, 1646, 166a, and 1666 
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have identical configurations, consisting of a first, 
curved stage and a second, straight stage. 

Most of the energy of the recoiling parts in a tube- 
axial direction, i.e. along tube axis A, is absorbed during 
the first stage of the recoil cycle. During this period, 5 
weapon stability is ensured by accelerating the recoiling 
parts (i.e., cannon assembly 32 and its mounting mecha¬ 
nism) in a direction normal to the tube axis A. The 
normal force is generated by the action of roller sets 
154a and 1546 and 156a and 1566 attached to the recoil- 10 
ing parts on curved campaths 164a and 1646 and 166a 
and 1666, Which are part of non-recoiling cradle assem¬ 
bly 122. 

The hydropneumatic recoil system (i.e. recoil cylin¬ 
ders 34 and 36) brakes the recoiling parts along tube axis 15 
A. When the recoil velocity has been reduced to an 
appropriate level by the recoil system, the recoiling 
parts will have both a small axial and small normal 
velocity. At this time (stage II), the high initial recoil 
force is reduced, and simultaneously the tube-normal 20 
force is removed by straightening campaths 164a, 1646, 
166a, and 1666. Gravitational forces, plus a small com¬ 
ponent from recoil/recuperator cylinders 34 and 36, 
and a possible small contribution from the campaths 
164a, 1646, 166a, and 1666, slow the recoiling parts to 25 
rest in a tube-normal direction by the end of the recoil 
stroke, as shown in FIG. 13. 

More specifically, as FIG. 12 shows, the interaction 
of the cam followers (i.e. roller sets 154a, 1546, 156a, 
and 1566) and curved campaths (164a, 1646, 166a, and 30 
1666, respectively) causes the center of mass of recoil¬ 
ing parts to follow a like curved path. A centrifugal 
force is generated whose magnitude is 



and whose direction is along the local radius vector. 
Vinst is the instantaneous velocity of the center of mass 
of the recoiling parts. R in j, is the corresponding radius 40 
of curvature of the campath at the point of contact 
between roller sets 154a, 1546, 156a, and 1566 and cam- 
paths 164c, 1646, 166a, and 1666, respectively. 

When fired, the specific combination of projectile 
and propelling charge will produce a predictable firing 45 
recoil impulse, determinable by testing of the specific 
combination of projectile and propelling charge or 
through tables. This in turn will cause the recoiling 
parts of the gun to move rearwardly at a predetermined 
velocity, likewise determinable by testing or from tables 50 
The recoil system causes this velocity to be diminished 
in a controlled manner by applying a retardation force, 
determined by choice of the orifice size through which 
the recoil working fluid is forced. Again, the retarda¬ 
tion force is determinable either by testing of the cylin- 35 
der or through tables. In this manner, the force applied 
by the recoil system is known and predictable at any 
point in the recoil stroke. Additionally, the remaining 
velocity of the recoiling part is also known an predict¬ 
able. The overturning moment is thus known and pre- 60 
dictable at all points in the recoil stroke. 

The difference between the overturning and the sta¬ 
bilizing moment gives the minimum additional stabiliz¬ 
ing moment required to maintain the gun in contact 
with the ground. This additional moment (plus any 65 
additional safety factor) is provided by the centrifugal 
force generated by the cam followers/campath interac¬ 
tion. Since the required instantaneous centrifugal force, 


together with the mass of the recoiling parts and their 
instantaneous velocity is now known, the correspond¬ 
ing value for radius of curvature can be predetermined. 
That is, 


M.vfn, 


In this manner, the “y” (tube normal) coordinates of 
each of campaths 164a, 1646, 166a, and 1666 can be 
determined for all corresponding values of “x” (tube- 
axial) coordinates. 

At all points in the recoil stroke, the recoiling parts 
will have a velocity component in both the “y” direc¬ 
tion (normal to tube axis A) and in the “x” direction 
(along tube axis A). Both of these velocities must be 
reduced to zero by the end of the recoil stroke. At some 
point in the recoil stroke, the centrifugal force is re¬ 
duced to 0 by making the radius of curvature infinite 
(i.e., each of campaths 164a, 1646, 166a, and 1666 be¬ 
comes a straight line). Accordingly, the recoiling parts 
now cease their upward acceleration. The recoil system 
continues to apply a gentle retardation force, eventually 
bringing the recoiling parts to rest in both the “x” and 
“y” axes. 

The final retardation force causes a small destabiliz¬ 
ing moment, but its magnitude is such that it can be 
overcome by the stabilizing moment of the static weight 
of the complete weapon. In effect, the curvilinear recoil 
motion gives Howitzer 110 an apparent weight greater 
than the static weight of the weapon during the period 
of high recoil forces. The curvilinear campath is de¬ 
signed to assure that the stabilizing moment of the ap¬ 
parent weight of the gun is sufficient to overcome the 
overturning moment of the recoil retardation forces, 
maintaining ground contact. During the latter part of 
recoil travel, when the curvilinear recoil force has been 
discontinued, the apparent weight of Howitzer 110 is 
diminished but ground contact is still maintained. 

A second, equally viable stability solution exists if, as 
shown in FIGS. 8-11, the positions of the campaths and 
the cam followers are reversed. Thus, referring now to 
FIGS. 8-11, there is shown a lightweight towed 155 
millimeter Howitzer 210 incorporating a second em¬ 
bodiment of the stabilizing system of the invention. 
Howitzer 210 also comprises a carriage assembly 212, 
wheels 14 and 16, and trails 18 and 20. A cradle assem¬ 
bly 222 having left and right sides 224 and 226 and 
modified according to the second embodiment of the 
invention as will be described in greater detail hereinaf¬ 
ter is pivotally mounted on carriage assembly 212. Cra¬ 
dle assembly 222 is pivoted up and down by left and 
right pistons 28 and 30. 

As shown in FIG. 8, cannon assembly 32 is mounted 
in cradle assembly 222 for reciprocating movement 
between a first, forward and downward position (solid 
lines) and a second, rearward and upward position 
(dashed lines). The mounting mechanism for cannon 
assembl y 32 according to the second embodiment of the 
invention is the reverse of mounting mechanism for 
cannon assembly 32 according the first embodiment of 
the invention, in that the campaths are positioned on 
cannon assembly 32, while the cam followers are posi¬ 
tioned on cradle assembly 222. Specifically, the mount¬ 
ing mechanism for cannon assembly 32 comprises for¬ 
ward left and right campaths 264a and 2646 and rear- 
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ward left and right campaths 266a and 2666, welded or 
bolted or otherwise attached to track support collars 
272 mounted on cannon assembly 32. Left and right 
sides 224 and 226 of cradle assembly 222 are provided 
with forward left and right roller sets 254a and 2546 of 
twin rollers and rearward left and right twin roller sets 
256a and 2566, respectively for movable engagement 
with forward left and right campaths 264c and 2646 and 
rearward left and right campaths 266 a and 2666, respec¬ 
tively. Each of roller sets 254a, 2546, 256c, and 2566, 
consists of four rollers, an upper twin roller set and a 
lower twin roller set, housed in a circular housing 74. 
Placement of the roller sets in a circular housing is 
important in that the housing provides the walking 
beam structure and strength required to make the roller 
(follower) system work. Circular housings 274 allow 
the rollers to stay perpendicular to the resultant tangent 
of the twin rollers to the campath, as the campath 
curves and angles upward or downward. 

Choice of the design of either the first embodiment or 
the second embodiment of the invention does not affect 
the function of the stabilizing system, and is dictated by 
overall weapon design. In a further alternate design, the 
campath of either the first or the second embodiment 
can be curved in the opposite direction during the sec¬ 
ond stage of recoil; that is, towards tube axis A to 
achieve a greater retardation in the “y” axis (the tube- 
normal direction). Use of this alternate construction is 
limited by the requirement to keep ground contact dur¬ 
ing the second stage of recoil travel. 

In a still further alternate design, the campath of 
either the first or the second embodiment can be curved 
in the same direction during the second stage of recoil. 
In this case the curve of the second stage is shallower 
than that of the first stage. 

Stylized tube-axial and tube-normal force-time curves 
for the first embodiment of the stabilizing system of the 
invention are shown in FIGS. 14c and 146. Superimpos¬ 
ing these two force-time curves gives a net force vector 
and a resultant acceleration. Integration leads to a 
velocity-time history, resolvable into vertical and hori¬ 
zontal components. Further integration produces the 
horizontal and vertical displacement of the recoiling 
parts’ center of mass. In stylized form, velocity-time is 
shown in FIGS. 15a and 156 and displacements shown 
in FIG. 15c. In the configuration of the invention repre¬ 
sented by FIGS. 15a and 156, stage I accounts for 60% 
of the recoil distance and 40% of the recoil time, while 
stage II accounts for 40% of the recoil distance and 
60% of the recoil time. 

The preceding description of our curvilinear system 
and the following dynamic (stability) analysis directly 
support the campath location on the cradle assembly as 
described with respect to the first embodiment shown in 
FIGS. 1-7, and the stability achieved thereby. 

The preceding discussion on stability and the recoil 
system as well as the development of the governing 
equations and the dynamic analysis are all based on 
modeling the gun system as two planar rigid bodies: one 
recoiling and the other fixed. The recoiling body (mass) 
will hereafter be referred to as the “cannon.” The fixed 
(non-recoiling) body will hereafter be referred to as the 
“carriage.” Actually, the carriage is made up of two 
masses or weights, one that elevates (WE) and one that 
remains fixed (WF). This is to allow for the movement 
of the carriage center of gravity associated with elevat¬ 
ing and depressing the gun. 


10 

The general gun configuration is shown diagrammati- 
cally in FIG. 16. There are two coordinate systems 
associated with the cannon model. The first is a ground 
fixed coordinate system (X-Y) centered at the end of the 
trail at ground level. The second is a coordinate system 
(U-Z) which rotates with the gun tube as the cannon 
elevates and which is centered at the in-battery location 
of the recoiling mass. This reference frame does not 
recoil with the cannon. The recoil displacement of the 
cannon (center of gravity) is measured from the U-Z 
coordinate system and the horizontal and vertical dis¬ 
placements are U and Z, respectively. The coordinate 
directions U and Z and the displacements U and Z 
should not be confused. Similarly the position (X,Y) of 
the cannon center of gravity can be found relative to the 
X-Y coordinate system. 

The two rigid bodies are shown separately in FIGS. 
17 and 18 to facilitate the illustration of the forces that 
act between these two bodies and to make clear their 
equal and opposite effect. The cannon experiences 
forces from the carriage, parallel to the tube primarily 
from the recoil mechanism, and normal to the tube from 
cradle support points. In the case shown in FIGS. 1-7, 
the support is provided by rollers 154a and 1546 and 
156a and 1566 constrained in campaths 164a and 1646 
and 166a and 1666, respectively, both fore and aft. The 
force from the recoil mechanism is referred to here as 
the “rod pull” and is the sum of both the recoil (cylin¬ 
der) force and the recuperator force. To simplify the 
analysis and discussion, all the forces between the car¬ 
riage and the cannon are lumped into two force compo¬ 
nents F u parallel to the tube and F z normal to the tube. 
F„ and F 2 are reaction forces that support the cannon. 
F* and F y are equivalent to F„ and F z yet based on the 
ground fixed X-Y coordinate system. 

At zero quadrant elevation F X =F U and F > ,=F Z . 

cos 4>)-Fj(sm <)>) 

F y — +F«(cos <f>)+.FiXsm <j>) 

4>=Quadrant Elevation 

The criterion for stability can be derived from a con¬ 
sideration of FIG. 18. Stability is the condition when 
the carriage does not rotate about the trail ends. This 
condition is satisfied if the vertical reaction on the firing 
platform (R2Y) remains positive. R2Y will remain posi¬ 
tive and the gun stable if the stabilizing moment 
remains larger than the overturning moment M ov . At 
zero quadrant elevation, the overturning moment is the 
horizontal force F* times its moment arm: 

M m =FJh+z+hsp) (1) 

The stabilizing moment is the vertical force F z and the 
fixed weights WF and WE times their respective mo¬ 
ment arms: 

Ms,=F£A+B+U)+ WF\A+AF)+ WE(A+AE) (2) 

For stability 

M„>M 0V (3) 

The degree of stability can be found by defining the 
excess stability moment as 

4T„=M a -M m (4) 
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also The cannon is constrained in the cradle assembly to 

follow a pre-defmed curvilinear campath. The path is 
R2Y=M„/c (5) curved upward, which forces the cannon to be dis- 


The larger Me* and R2Y are, the more stable the gun 5 
system is. 

For a conventional recoil system, F„ would be equal 
to the rod pull (RP), and the force F 2 would support the 
portion (WRZ) of the recoiling weight WR that was 
acting normal to the tube and cradle assembly. At zero 10 
quadrant elevation, F 2 would be equal to the entire 
recoiling weight, i.e., F 2 =WRZ=WR. 

Because the sum of WF, WE and WR is limited to 
9000 pounds, the stabilizing moment is greatly reduced. 

15 

M„=FJiA+B+ U)+ WJ%A+AF)+ WE(A +AE) 

(For a conventional gun) F z = WR 

M,,= WR(A +B+ U)+ WF{A+AF)+ WE(A+AE) 

20 

Curvilinear recoil increases the stabilizing moment by 
increasing F 2 . With curvilinear recoil F 2 does not simply 
support the weight of the cannon but acts also to accel¬ 
erate the cannon upward (normal to the tube) when 
greater stability is needed. Accelerating the tube up- 25 
ward (Z direction) increases F 2 by the inertial force 
associated with this acceleration: 

F Z =M(A Z )+ wrz (6) 

30 

The application of this increased F 2 and resulting 
acceleration of the cannon in the z-direction gives the 
cannon a displacement (z) and velocity (V z ) in the z- 
direction. At some point in the latter part of the stroke, 
this velocity (V 2 ) must be returned to zero. To accom- 35 
plish this, F 2 must be reduced sufficiently to switch the 
sign of A 2 , in effect to pull down on the cannon. If F 2 is 
reduced in the latter portion of the recoil stroke as 
required, then the overturning moment must also be 
reduced to prevent instability during this portion of the 40 
recoil. This gives rise t two distinct stages during curvi¬ 
linear recoil: stage one defined as the portion of recoil 
when the tube normal acceleration A 2 is positive (“up¬ 
ward”), and characterized by a large tube axial force F„ 
(rod pull large) and a commensurate tube normal force 45 
F 2 for stability; and stage two, defined as the portion of 
recoil when the tube normal acceleration A 2 is negative 
(“downward”), characterized by a reduced or even 
negative tube normal force F 2 and a necessarily greatly 
reduced tube axial force F„ (rod pull small). 50 

In the transition from stage one to stage two, the 
recoil force is greatly reduced so that during stage two, 
the rod pull is primarily provided by the recuperator 
force. 

The dynamic analysis models the gun system as two 55 
planar rigid bodies; one recoiling, the other fixed. Both 
rigid bodies are initially at rest; at time equals zero, the 
time varying forces from firing impulse is applied. This 
accelerates the cannon in the negative U-direction 
while it is being acted upon by retarding forces from the 60 
recoil mechanism as modeled. Any of several firing 
impulse functions can be applied to the gun including 
(but not limited to) M203 PIMP, M203 nominal, and 
Ml 19, all matched to the cannon tube with 0.7 index 
muzzle brake and M483 projectile. The recoil force acts 65 
to prevent the cannon from attaining free recoil veloc¬ 
ity and continues to act to return the recoiling mass to 


placed and accelerated normally to the tube center-line 
as it recoils axially. This acceleration “generates” the 
force that contributes the stability during stage one 
recoil. 

The magnitudes of F u and F 2 at all time steps are 
found by solving the differential equations of motion set 
forth below for the recoiling mass. Once the dynamic 
forces are found, the firing loads on all major compo¬ 
nents are statically determined at each time step using 
the known system geometry. 

FIG. 19a is the free body diagram of the cannon 
(recoiling mass). From this diagram comes the two 
differential equations that describe the motion of the 
gun system. The carriage is assumed stationary, a condi¬ 
tion satisfied if the vertical firing platform reaction R2Y 
remains positive. Summing forces in the u direction 
yields the first differential equation. 

Tube axial: 

EF\u)=M(A u )=F u —(—)FIMPU— WRU 
M(A U )=F U +FIMPU- WR U 

A u —(F u + FIMPU— WRV)/M (7) 

Summing forces in the z direction yields the second 
differential equation 

Tube normal: EFW=M(A Z )=F Z - WRZ 

A Z =(F Z - WRZ)/M (8) 

As shown in FIG. 19a the center of gravity may be 
displaced from the center line of the tube. The firing 
impulse force (FIMPU) introduces a moment which is 
balanced by moving the point of application of the 
reaction forces F u and F 2 axially, providing a countering 
moment. 

Sum of the moments about the center of gravity 
yields 

EMOM= 0=(-) FIMPU(ZEIMP)—F/— UEFZ) 

UEFZ=FIMPU(ZEIMP)/F z 

When the firing force has gone to zero, the “eccentric¬ 
ity” UEFZ will be zero and the reaction forces F u and 
F z will act through the center of gravity. 

F„ and F 2 are the reactions on the cannon from the 
carriage of the gun; specifically, these forces are sup¬ 
plied by the cradle assembly. The cradle assembly ap¬ 
plies these forces by two means, the recoil mechanism 
and the cam tracks. The recoil mechanism pulls on the 
cannon via the breech band (see FIGS. 196 and 1(c), and 
has two components that are related by the geometry of 
the recoil mechanism. Although as shown in FIG. 3 
there are two pairs of tracks, a front pair and a rear pair, 
a single equivalent track force (TR) will be used (a 
single force on a rigid body can be replaced by two 
different forces located at any two locations, here the 
fore and aft roller contact points). 

The point of action of the track force (TR) is not 
fixed; rather it moves such that the sum of the moments 
about the center of gravity remains equal to zero. This 
ensures that the cannon translates only. 

FIGS. 19a, 196, and 19c are all equivalent. So, 



F U =TRU+RPU 
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Now defined are positioned, velocity, and acceleration 
in the z-direction, all as functions of position, velocity, 
0°) 5 and acceleration int he u-direction. 


The total recoil force (RP) is found from the mathe¬ 
matical recoil model and components are found from 
using the recoil mechanism inclination angle a. 

RP=(c) (KS KS)/(,Mo)=(*«*p. Force), 1 

where C is a constant that includes effective piston area, 
orifice discharge coefficient, and oil density. 


The track force TR is not known, but the relationship 
between the components can be determined. The track 
force results from constraining the cannon to follow a 
predetermined path. The path can be represented by a 
function of u, pf(u), such that: 


From Equations (9) 
and (11) F u = -TRZ(pf)+RPU 

| 20 From Equation (10) TRZ=F z +RPZ 
j Combine Fu= —pf(F z -fRPZ)+RPU 
From Equation (8) F z =MA z +jf7ez 
Combine F u =-pf(MA z +WRZ+RPZ)+RPU 

25 From Equation (14) A z =pf-A u +pf'-V u 2 
F u = -pf<,M[PfA u pf'V 2 ) + WRZ + RPZ)+RPU 
Add Equation (7) for A u 


The track angle (fi) is defined as positive CW s< 


Referring to FIGS. 20(a) and 20(b ): 


Two differential equations were developed, Equa¬ 
tions (7) and (8). The constraint of the recoil track cou¬ 
ples these two equations, resulting in the first equation 
(7) being the only independent equation. The displace¬ 
ment Z is strictly a function of U (i.e. Z=pf) so the 4 
following relationship can be developed: 


-pf (Mpf V u -V u + pf (FIMPU - 
WRU )+ WRZ + RPZ) + RPU 


Also from Equation (8) F z =M-A z +WRZ 
Combining with Equation (14) 


Combining with Equation (7) 
F x =pf{F u +FIMPU- WRU)+MpfV u -V i 


A z = pf ■ B(V u f + pf . (A u ) 


The track campath used for the dynamic analysis was 
) matched to the current configuration and recoil mecha¬ 
nism model to ensure weapon stability at zero quadrant 
j 5 elevation. In the present example, a positive ground 
force on the firing platform was specified to decay from 
2000 to a minimum of 1000 lbf. An additional factor of 
safety for stability was included by designing the cam- 
path in the present example for the M203 PIMP charge. 
50 This results in even greater stability when a nominal 
M203 is fired. The path description consists of pairs of 
points U and Z (Table 1). One can see that the point 
pairs do not extend the full length of recoil. The path 
beyond the data is defined as a straight line tangent to 
55 the last portion of the track, and as such does not need 
to be explicitly tabulated. 
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TABLE 1 


l.o o.o 

0,0 0.0 

-1.3941.W5C-02 I.J02752/E-05 0.1004200 

-3.3580475E-02 5.6024H60E-05 0.1409592 

-6.96n4511E-02 1.3510455E-04 0.J5O312M 

•0.1042Mft9 2.5I6236GE-04 0.1717040 10 

••.1940052 4.1057124E-04 0.1937705 

-•.2104011 9. 171M77K-04 0.7.249140 

-•.2717772 fl.77J57B4F.-04 0.2014119 

-•.3302340 1.1975UV3E-03 0.3000340 

-0.4020995 t. 6*14 32«*>K-03 0.3572929 

-0.4 7009.13 2.0439G95E-03 0.41/3050 15 

-0.339144n 2.5I1094I.I6R-0J 0.4045003 

-0.5071957 -3.1974370K-03 0.3530032 

-0.5/50150 1.8950406E-03 0.6231323 

0.7425435 4.575 I157F.-03 0.6992530 

-0.0097011 5.5393346E-03 0.7/56743 

-0.07645/.0 fc.400no/5F.-03 0.0339U73 20 

-0.947.021/ 7.524216l HI-03 0.7342305 

-1.000725 IJ.64G7713E-03 1.017000 

-1.074P94 9.B371033E-03 1.104130 

-1.110907 1.113595/K-02 1.192294 

-1.203153 1.234359.1E-02 1.202417 

-1.250091 1.4020517F.-02 1.374533 25 

-1.3.10001 1.55071UOB-O2 1.450606 

-l. 3923'.M 1.77.44002R-02 1.56490/ 

-1.45455n 1.8991329E-02 1.665446 

-1.515003 2.0629225F.-02 1.76B319 

-1.576554 2.275764GF.-02 1.8/3283 

-1.630573 2.477G516E-02 1.9O036B 30 

-1.995947. 2.6005 7 4 OR-02 2.0119606 

-1.764664 2.900519HE-02 2.201026 

-1.012/31 3.13/4734E-02 2.313465 

-1.070110 3.37340C>(if-02 2.434139 

-1.926/01 3.9222722E-02 2.555043 

-1 .902749 J.B7II01/IE-02 2.670199 

-2.010010 4.1423050E-02 2.003630 35 

-2.092394 4.4139204E-02 2.9313D0 

-2.146402 4.6979610E-02 3.061410 

-2.199006 4.980G454E-02 3.193003 

-2.252212 3.2979093E-02 3.320559 

-2.304066 3.59368/OE-02 3.465699 

-2.355253 5.9119090F.-02 3.6057.46 40 

-2.405778 6.2365074E-02 3.747216 

-2.455648 6.5694079E-02 3.091629 

-2.304067 6.9105372E-07. 4.038505 

-2.533442 7.2598197E-02 4.107060 

-2.601373 7.6171771E-02 4.339711 

-2.6406U2 7.9825304E-02 4.494075 45 


U 7 


-2.695339 0.3557993E-02 4.650960 
-2.741401 0.7368900E-02 4.012041 
-2.706M00 9.12573.14E-02 4.970995 
-2.831550 9.5221901E-02 5.147902 
-2.075655 9.9262640E-02 3.322362 
-2.919115 0.103.1790 3.502657 
-2.961929 0.1075741 5.609036 
-3.004046 0.1110450 5.001670 
•3.043613 0.1161933 $>909730 
-3.0064110 0.1206231 6.20639/ 
•1.126/M 0.1231293 6.4900.13 
-3.160293 0.129/142 6.710233 
-3.205220 0.1343779 6.944/b9 
-J.243510 0.1391206 7.17U625 
-J.201166 0.1439423 7.419400 
•3*310173 0.14011429 7.669021 
-1*354541 0.1330224 7.925926 
•3.390272 0.1500007 0.190001 
-3M23370 0.1640174 0.464063 
-3.454837 0.1692324 0.745662 
-3.4936/6 0.1745252 9.035846 
-3.326092 0.1790936 9.334790 
-3.539400 0.1053429 9.643009 
-3.591464 0.1908675 9.963417 
-3.622015 0.1964707 10.30440 
-3.653437 0.7021539 10.66101 
-3.683624 0.2079105 11.03582 
-3.71.1072 0.2137657 11.429/6 
-3.74187/ 0.7196966 11.84371 
-3.7/0017 0.275/172 12.27H53 
-3.747540 0.2318135 12.73519 
-3.824410 0.2300012 13.21458 
-3.050620 0.24427511 13.71754 
-1.876176 0.2506370 14.24510 
-3.9010*15 0.2570*176 14.79014 
-3.925140 0.2636257 15.37757 
-1.948947 0.2702507 15.90427 
-3.971907 0.2769639 16.61910 
-3.994224 0.2837644 17.202B9 
-4.015407. 0.2906516 17.97638 
-4.016445 0.24/6250 10.70n79 
■ 4 • ll , i'/.IMl «l. **Hl.lir. 19.45525 
-4.0/7151 0.3118262 20.24174 

-4. nor, 127 o. ;n W. m 21.00035 
-4.1141195 0.3263590 21.91125 
-4.132064 0.3337463 22.79468 
-4.150242 0.3412120 23.71479 
-4.16/034 0.3487554- 24.6669/ 
-4.183279 0.3563679 25.52153 
-4.1990B3 0.3640265 26.12380 

U 7 ? 
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TABLE 4 


17 


The driving function for the dynamic analysis is the 
force applied to the cannon by the firing of the projec¬ 
tile. This time dependent force is calculated from the 
tables of total impulse supplied to the recoiling mass 
versus time, the force is calculated by: 


_DUAL:CPE12.PCR.PFJIMPM119.DAT; 1 
16 

.0000 000. 

.0040 -949. 

.0050 -1601. 


FIMPU = (change in IMPULSE)/(change in TIME) 

The effects of different charges on the curvilinear sys¬ 
tem are determined by using a different firing impulse 
table as input. The tables are produced from internal 
ballistics calculations and include the gas action on a 
muzzle brake with a momentum index of 0.7. Three 
different tables were used: 15 

Table 2: A/203 PIMP- A/483 projectile 
Table 3: A/203 nominal— A/483 projectile 


.0060 -2396. 

.0070 -3261. 

.0080 -4123. 

.0100 -5675. 

.0120 -6709. 

.0140 -7361. 

.0155 -7712. 

.0203 -7952. 

.0253 - 8104. 

.0453 -8322. 

.0803 - 8373. 

.2803 -8379. 

10.00 - 8379. 

M119 SHOT IMPULSE DATA 
(NOMINAL) M483 0.7 M.B. 


Table 4: A/119 nominal-MAii projectile 


20 The recoil force is provided by a recoil cylinder 
model where the recoil force (F-recoil) is given by: 


F- recoil = C ( V r V S )/(A„-A 0 ) 


TABLE 2 


—DUAL:CPE12.PCR.PFJIMPM203PIMP.DAT;1 
20 

.0000 000. 

.0023 - 502. 

.0031 -1073. 

.0040 - 2051. 

.0047 -3016. 

.0054 -4075. 

.0060 -4994. 

.0067 -6025. 

.0075 -7096. 

.0085 - 8076. 

.0100 -9035. 

.0123 - 9913. 

.0133 -10006. 

.0163 -10211. 

.0203 -10406. 

.0271 -10602. 

.0337 -10704. 

.0514 -10806. 

.1711 -10843. 

10.00 -10843. 

M203 SHOT IMPULSE DATA 

(PIMP) M483 0.7 M.B._ 


TABLE 3 


—DUAL:CPE12.PCR.PFJIMPM203.DAT;1 
14 

.0000 000. 

.0030 -763. 

.0042 -1797. 

.0048 -2473. 

.0069 -5079. 

.0090 - 7291. 

.0108 - 8550. 

.0129 - 9434. 

.0150 - 9677. 

.0195 - 9955. 

.0315 -10286. * 

.0665 -10443. 

.1365 -10455. 

10.00 -10455. 

M203 SHOT IMPULSE DATA 
(NOMINAL) M483 0.7 M.B._ 


25 The transition between stage one recoil and stage two is 
accompanied by a rapid drop in F-recoil. This is accom¬ 
plished by rapidly enlarging the orifice areas. The en¬ 
larging of the orifice areas is modeled as a smooth, albeit 
rapid, transition rather than as an abrupt change. This 
30 should more closely represent the response of a real 
system. This more protracted transition provides for a 
more forgiving match between the recoil mechanism 
and the campath profile. Additionally, the recoil force 
is not removed entirely during stage two but rather is 
35 designed to a nominal value of 1000 lbf. This has several 
advantages over letting the recuperator alone control 
stage two: (1) the orifice areas are now defined in stage 
two rather than being infinity; (2) the active recoil cyl- 
inder can now be used to fine tune the stage two recoil; 
and (3) a velocity dependent retarding force is now 
present in stage two to help dissipate the energy from an 
overpressure. 

Two orifice profiles are developed for the recoil 
model; one for long recoil, and one for short recoil. 
These orifice areas are plotted in FIG. 21 and tabulated 
in Tables 5 and 6. These orifice areas are equivalent 
areas, and do not correspond directly to the orifice 
areas for the actual recoil cylinder. 


50 _ TABLE 5 

—DU AI :LPE 12.PCR.PFJX 1 _ORD.DAT; 1 

43 


-1.0 0.1000000 
0.0 0.1000000 

1.0980606E-02 0.2136773 

55 2.9442310E-02 0.3697216 

5.8368206E-02 0.5307279 

9.7794533E-02 0.6714978 

0.1463418 0.7719964 

0.2016678 0.8272313 

0.2618084 0.8600011 

60 0.3251381 0.8641519 

0.3906655 0.8674879 

2.811534 0.6066884 

3.551729 0.4550896 

4.144249 0.2584715 

4.162491 0.2494449 

65 4.18 0.260 

4.20 0.310 

4.21 0.500 

4.23 1.500 


— 1.0980375E-02 7.615981 

— 2.9442154E-02 7.634443 

-5.8368392E-02 7.663369 

—9.7794317E-02 7.702795 

-0.1463419 7.751342 

-0.2016679 7.806668 

-0.2618082 7.866809 

-0.3251382 7.930139 

-0.3906651 7.995666 

-2.811117 10.41653 

-3.550291 11.15673 

-4.139843 11.74925 

-4.157892 11.76749 








5 , 210,370 


4.245087 

4.260842 

4.276539 

4.445129 

4.620374 

4.772849 

4.930054 

5.065610 

5.203977 

5.332038 
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TABLE 5-continued 


1.838936 

1.830884 

1.822829 - 4.270426 11.88154 

1.734067 -4.436337 12.05013 

1.636875 -4.608381 12.22537 

1.547431 -4.757758 12.37785 

1.449455 - 4.911491 12.53505 

1.359271 -5.043849 12.67061 

1.259954 -5.178774 12.80898 

1.157433 - 5.303502 12.93704 


20 

The total recoil mechanism force RP includes a linear 
spring representation of the recuperator function. So, 

RP= F- recoil+FR CP+ DFRCfXS), 

where S is the magnitude of extension of the recoil 
mechanism in feet. 

The exact gun configuration and all remaining data 
are contained in the input data file shown in Table 7, 
and tabulated in Table 8. 


TABLE 7 


—DUAL:CPE12.PCR.PP.RPRTJX1CL1N.DAT;1 

3240. 1430. 4330. 2000. 16.08 8.00 19.33 3.833 -1.43 4.00 .001 5 1 

0.854 6.813 0.854 8.792 700. 0.2 0.0 1000. 

0.0 0.0 2.646 -1.688 6000. 500. 1 

2.0 0.8333 2.25 -0.250 0.0 0.0 0.0 0.0 0.0 

2.417 -1.625 4.833 1.017 4.0 4.0 

••••• MAY 14, 1986 CONFIGURATION WITH SPADE REACTION OFFSET. 

WF WE WR — A B C H AF AE TIME PRINT — 

STEP FREQ. 

ROl RD1 R02 RD2 — STAGE_2_F-RECOIL 

ETR1 ETR1 DTR1 DTR2 FRCP DFRCP — 

T1 T2 T3 HSP AEY FX_2 A3 BY HTB 

T4 T5 T6 T7 — — 

.VARIABLE NAMES ARE LISTED AS THEIR VALUES APPEAR IN THE DATA FILE. 


5.440137 1.063096 

5.539235 0.9684290 

5.629237 0.8734521 

5.710056 0.7781891 

5.781618 0.6826680 

5.843856 0.5869220 

5.896716 0.4909886 

5.940156 0.3949136 

5.974138 0.2987556 

5.998644 0.2026038 

6.013669 0.1066578 

6.05 0.060 

7.05 0.060 


-5.408682 13.04514 

-5.505030 13.14424 

-5.592476 13.23424 

-5.670962 13.31506 

-5.740430 13.38662 

-5.800835 13.44886 

-5.852135 13.50172 

-5:894298 13.54516 

-5.927299 13.57914 

-5.951124 13.60364 

-5.965774 13.61867 


U 


_ TABLE 6 

_DUAL:CPE 12.PCR.PFJX 1 SR_ORD.DAT; 1 
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0.0 0.1000000 

1.1038303E-02 0.2141681 

2.9524803E-02 0.3651744 

5.8463097E-02 0.5136756 

9.7870827E-02 0.6343604 

0.1463437 0.7107175 

0.2015076 0.7425037 

0.2613635 0.7537519 

0.3242474 0.7553425 

0.3891602 0.7807769 

0.4553499 0.7885355 

0.5216808 0.7871751 

0.9126625 0.7689710 

1.286214 0.7367233 

1.638360 0.6977797 

1.966563 0.6532170 

2.269381 0.6065208 

2.547086 0.5591587 

2.799577 0.5086938 

3.026139 0.4566602 

3.226931 0.4036990 

3.402062 0.3496875 

3.551527 0.2944165 

3.675147 0.2374927 

3.772432 0.1780574 

3.850954 0.1018210 

3.90 0.060 

7.00 0.060 


— 1.1038204E-02 7.616039 

— 2.9524621E-02 7.634525 

— 5.8463290E-02 7.663464 

—9.7870767E-02 7.702871 

-0.1463436 7.751344 

-0.2015076 7.806508 

-0.2613631 7.866364 

-0.3242471 7.929248 

-0.3891598 7.994161 

-0.4553490 8.060350 

-0.5216795 8.126681 

-0.9126559 8.517663 

-1.286190 8.891214 

-1.638298 9.243361 

-1.966431 9.571564 

-2.269134 9.874381 

-2.546663 10.15209 

-2.798896 10.40458 

-3.025103 10.63114 

-3.225414 10.83193 

-3.399911 11.00706 

-3.548557 11.15653 

-3.671132 11.28015 

-3.767100 11.37743 

-3.843654 11.45595 


_Ko _U_ 


TABLE 8 


. LWTH SYSTEM DIMENSIONS 
DATE OF DISTRIBUTION 
OF THIS INFORMATION - May 20, 1986 
DATE OF ASSOCIATED 
COMPUTER RUNS • May 17,18, 1986 


35 


WR 4330.0 

WF 3240.0 

WE 1430.0 

FRCP 6000.0 

DFRCP 500.0 (lbf/foot) 

A 193.0 


40 


45 


50 


55 


H 

HTB 

HSP 

A3 

AF 

AE 

AEY 

ROl 

RD1 

R02 

RD2 

ETR1 

DTR1 

ETR2 

DTR2 

T1 

T2 

T3 

T4 

T5 

T6 

T7 


48.0 


10.25 

81.75 


105.5 

0.0 

31.75 

0.0 

-20.25 


10.0 

29.0 

27.0 


58.0 

12.2 


60 The primary objective of the preceding dynamic 
analysis was to demonstrate the stability of the gun 
system using curvilinear recoil. Stability is ensured if 
the stabilizing moment about the trail ends M i( is greater 
than the overturning moment M ov . M ov . If 

65 M s is greater than M ov then M a is positive and the 
forward vertical ground reaction (R2Y) will remain 
positive and the gun will not “hop.” For the condition 
of zero quadrant elevation and the M203 (nominal) 
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charge, FIG. 22 illustrates that is greater than M ov 
and FIG. 23 illustrates that R2Y remains positive. The 
gun system was designed to be stable, even with a M203 
PIMP charge. FIG. 24 shows that indeed, the gun is 
stable with the PIMP charge. FIG. 24 also shows that 5 
the gun system gets progressively more stable as the 
charge is reduced, the M119 charge being the most 
stable of the three shown. 

For each dynamic analysis run, there are provided up 
to four files or tables of output with suffixes “.CPI,” 10 
“.CP2,” “.CP3,” and “.CP4.”. Each run has a file name 
associated with it, beginning first with the prefix “XI” 
which identifies all files used by, and generated for, this 
analysis. The remainder of the file name identifies the 
charge and the quadrant elevation of the gun in degrees. 15 
All plots are generated from the tables provided, and 
the file name of the source is printed in the right-most 
portion of the title. 

Additional data is plotted in FIGS. 13 and 25-28 for 
the case of the M203 (nominal charge) and a quadrant 20 
elevation equal to zero, because this is the worst condi¬ 
tion at which the gun must remain stable. 

Table 9 describes all of the headings for Tables 10-16. 

All forces are in lbf. and forces printed out are the sum 
for both sides of the gun. All forces and dimensions are 25 
drawn on diagrams in the direction that was assumed 
positive for the dynamic analysis and resulting com¬ 
puter print-outs except where noted by a which 
means that the direction shown is negative. 
_TABLE 9_ 
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TABLE 9-continued 


Displacements, Velocities and Accelerations 

NAME 

DESCRIPTION 

COMPONENT 

DIRECTION 

F2_Y 

Pintle column load from 

Y 

F1_X 

spade assembly 

Upper pintle shear force 

X 

F10_Y = — F9_Y 

from spade assembly 

Force on trail/lower 

Y 

F8_Y = —F3_Y 

carriage from upper 

Force on recoil pads from 

Y 

F7—Y 

upper carriage 

Force from spade assem- 

Y 

M2 

bly 

Moment (force couple(s)) 

Ibf-ft 

F-FLOAT-Y 

from spade assembly 
Vertical ground force on 

Y 

(= R2Y) 

R2X 

float (vertical reaction 
number 2) 

Horizontal ground force 

X 

R1Y 

on spade/float (horizontal 

Vertical ground forces on 

Y 

FTRACK 

RP 

trial end (vertical reaction 
number 1) ' 

Total (Net) track force 
Total rodpull (recoil + 



•The presence of this second pintle shear (F2_X) force makes the upper carriage 
statically indeterminate. So (F2_X) must be chosen prior to running the computer 
solution. The value for (F2_X) is dependent upon the design of the pintle-spade 
assembly interface and upon the deflections of all associated parts. 

30 


Displacements, Velocities and Accelerations 


NAME 

U 

z 

vu 

vz 

AU 

AZ 

WR 

WF 

WE 


NAME 


RRU 

RPZ 

TRU1 

TRZ1 

TRU2 

TRZ2 

F14_U 

F14_Z 

F13_U 

F13—Z 

F12—X 

F12-Y 

Fll—X 

Fll—Y 
F9_Y 
F3_Y 
*F2_X 


DESCRIPTION 


recoil displacement of cannon parallel f 

to cradle (and tube) 

recoil displacement of cannon perpen- f 

dicular to cradle (and tube) 
recoil velocity of cannon parallel f 

to cradle (and tube) 

recoil velocity of cannon perpendicular f 

to cradle (and tube) 

recoil acceleration of cannon parallel f 

to cradle (and tube) 

recoil acceleration of cannon perpendicular f 
to cradle (and tube) 

Weight of recoiling mass centered at 

Weight of non-recoiling centered at 

non-elevating mass 

Weight of non-recoiling centered at 

elevating mass__ 


DESCRIPTION 


Rod pull force 

Rod pull force 

Breech end track force 

Breech end track force 

Muzzle end track force 

Muzzle end track force 

Trunnion force on cradle 

Trunnion force on cradle 

Elevating/equilibrator mech force 

Elevating/equilibrator mech force 

Trunnion force on upper carriage 

Trunnion force on upper carriage 

Elevator/equilibrator force 

on upper carriage 

Elevator/equilibrator force 

on upper carriage 

Support force on upper carriage 

from lower carriage 

Recoil pad support force on 

upper carriage 

Lower pintle shear force 

from spade assembly_ 


In addition to the plotted results are tables containing 
35 all the data for a variety of quadrant elevations and 
charges. The tabulated results include: 
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Table 

Table 

Table 

Table 

Table 

Table 

Table 

Table 

Table 

Table 

Table 

Table 

Table 


Table 14 
65 Table 15 
Table 16 


X1M203QE00.CP1 

X1 M203QE00.CP2 

X1M203QE00.CP3 

X1 M203QE00.CP4 

X1SRQE45.CP1 

X1SRQE45.CP2 

X1SRQE45.CP3 

X1SRQE45.CP4 

X1SRQE70.CP1 

X1SRQE70.CP2 

X1SRQE70.CP3 

X1SRQE70.CP4 

X1M203QE05.CP1 

X1 M203QE20.CP 1 

X1PIMPQE00.CP1 

X1M119QE00.CP1 


recoil/M203 

recoil/M203 

recoil/M203 

long 

recoil/M203 

short 

recoil/M203 

recoil/M203 

recoil/M203 

recoil/M203 

recoil/M203 

recoil/M203 

recoil/M203 

recoil/M203 

recoil/M203 

recoil/M203 

recoil/PIMP 

recoil/M119 






JEST AVAILABLE COPY 
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.UllA l .• I.I’Ll2. mi. IT. _.1H20 jybUU. Cl’l; i 
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om;oLF ■= l-i.<io y.E. = o.oo idlgiillsj) 


TIME HI’ 


F-FLOAT_Y U 'L 


VU V*Z AU 


A'Z 


o.ooo o. 

y.oir, 12736 . 

•i.oio /or,r>2. 

0. (>)••» 92640. 

U.OV’O OP.5/9. 
0. 025 97050. 

0.0 JO 97169. 
0.0 35 <15061. 

0.04 0 91076. 

0.045 08317.. 

O.O'IO 81575. 
0.055 80677.. 

0.050 U0G31. 

0.065 00501. 

0.070 707.05. 

0.075 76722. 

0.000 78170. 

0.005 70117. 

O.O'IO 77615. 
0.005 73801. 

0.100 67001. 

0.105 10361. 

0.110 9053. 
0.115 90115. 
0.120 9111. 

0.125 911J. 
0.110 9171. 

0.115 9197. 
0.110 97.22. 

0.115 97.15. 

0.150 9268. 

0.155 9288. 

0.1G0 9307. 

0.160 9.126. 

0.170 9311. 

0.175 9357. 

0.100 9370. 

0.105 9302. 

0.190 9391. 

0.195 9107.. 

0.200 9110. 

0.205 9415. 

0.210 9118. 

0.215 9119. 

0.220 9117. 

0.225 9111. 

0.230 9106. 

0.235 9395. 

0.210 9303. 

0.215 9367. 

0.7.50 9316. 

0.255 9121. 

0.260 9297. 

0.265 9266. 

0.270 9212. 

0.275 9197. 

0.280 9158. 

0.7.0!. 91 III. 

0,290 90711. 

tl.2'1 1 , 91111, 

0.100 9006. 

0.305 0977. 

0.110 8955. 

0.315 0912. 

0.320 8931). 


1 . 110 . 
»15n7. 
11131. 
. 11011 . 
152/0. 
1.5690. 
J 6363. 
15715. 
J 5657.. 
15100. 
15001. 
11979. 
15312. 


1557. J . 
15107.. 
I615U. 
17303. 
17667. 
17613. 
17600. 
-315. 
210 . 
260. 
270. 
279. 
289. 
299. 
232. 


251. 

261. 

7.70. 

279. 

289. 

290. 
307. 
316. 
325. 
335. 
314. 
353. 
364. 
373. 
3B4. 
395. 
105. 
110 . 
431. 
444. 
450. 
473. 
487. 
501. 
521. 
510. 
556. 
571. 
591 . 
1,011. 
622. 
614. 
04 3. 
640. 
650. 


9335. 

5597.. 
1J00. 
2120. 
1701. 
1720. 
7.070. 
1342. 
1513. 
1510. 
1516. 
1919. 
1055. 
1986. 
1171. 
1297. 
1145. 
1316. 
1217. 
1197. 
1559. 

959. 

1/23. 

1681. 

1641. 

1601. 

1563. 

1526. 

1431., 
1390.' 
1365. 
1335. 
1306. 
1270. 
1252. 
1227. 
1204. 
1102 . 
1161. 
1143. 
1125. 
1109. 
1097. 
1084. 
10/5. 
1060. 
1061. 
1060. 
1059. 
1061. 
1066. 
1071. 
1003. 
1097. 
1112 . 
1129. 
1149. 

I 1.69. 
.1 J 9 I . 
1212. 
1210. 
1247. 
1259. 
1267. 
1269. 


0.000 0.000 
-0.012 0.000 
-0.232 0.001 
-0.540 0.001 
-O.B/4 0.006 
-1.190 0.012 
-1.494 0.020 
-1.703 0.010 
-2.055 0.012 
-2.311 0.056 
-2.551 0.0/7. 
-2.777 0.090 
-2.907 0.110 
-3.181 0.132 
-3.365 0.155 
-3.532 0.181 
-3.6U4 0.200 
-3.87.0 0.23/ 
-3.942 0.260 
-4.048 0.301 
-4.139 0.136 
-4.210 0.3/3 
-4.292 0.409 
-4.364 0.445 
-4.434 0.100 
-4.503 0.513 
-4.570 0.546 
-4.636 0.579 
-4.699 0.610 
-4.762 0.641 
-4.022 0.670 
-4.800 0.699 
-4.93/ 0.727 
-4.992 0.754 
-5.016 0.7H0 
-5.09/ 0.805 
-5.147 0.830 
-5.195 0.054 
-5.241 0.076 
-5.286 0.89B 
-5.32U 0.919 
-5.369 0.939 
-5.409 0.959 
-5.446 0.97/ 
-5.482 0.995 
-5.516 1.011 
-5.548 1.027 
-5.570 1.042 
-5.60/ 1.056 
-5.633 1.069 
-5.65U 1.001 
-5.602 1.093 
-5.703 1.103 
-5.723 1.113 
-5.741 1.122 
-5.75'. 1.130 
-5.7/1 1.137 
-5.7114 1.14 3 
6.7')!, 1.149 
••5.004 l.iro 
-5.012 1.157 
-5.810 1.100 
-5.822 1.1G2 
-5.021 1.163 
-5.825 1.163 


0.00 0.00 0.00 

-19.44 0.05 -7029.01 

-56.4/ 0.23 -4671.30 

-65.07 0.57 -170.42 

-64.51 0.96 307.27 

-61.93 1.37 SIB.74 

-59.33 1.79 520.66 

-56.15 2.21 677.53 

-52.02 2.62 654.66 

-43.61 3.02 629.72 

-46.53 3.40 603.14 

-43.50 3.77 575.59 

-40.71 4.14 577.23 

-37.01 4.52 579.36 

-34.02 4.90 603.10 

-31.04 5.26 507.31 

-20.B7 5.63 605.04 

-7.S.U1 6.03 615.B6 

-22.74 6.43 611.17 

-19.73 6.03 509.77 

-16.06 7.20 553.63 

-14.94 7.35 74.65 

-14.61 7.10 66.7/ 

-14.27 7.02 67.02 

-13.91 6.05 67.27 

-13.60 6.69 67.51 

-13.26 '6.52 67.74 

-12.92 6.35 67.96 

-12.50 6.10 69.19 

-12.23 G.01 69.39 

-11.09 5.B4 69.50 

-11.54 5.67 69.75 

-11.19 5.50 69.92 

-10.04 5.33 70.00 

-10.49 5.16 70.22 

-10.14 4.90 70.36 

-9.70 4.01 70.17 

-9.43 4.64 70.59 

-9.00 4.46 70.70 

-0.72 4.29 70.70 

-0.37 4.11 70.06 

-B.02 3.94 70.93 

-7.66 3.77 70.96 

-7.31 3.59 71.01 

-6.95 3.42 71.02 

-6.60 3.24 71.01 

-6.24 3.07 71.01 

-5.09 2.09 70.96 

-5.53 2.72 70.90 

-5.10 2.54 70.82 

-4.B2 2.37 70.71 

-4.47 2.20 70.50 

-4.12 2.02 70.44 

-3.77 1.05 70(25 

-3.41 1.68 70.06 

-3.07 1.51 69.05 

-2.72 1.34 69.62 

-2.37 3.36 69.39 

-.1,02 0.99 69.14 

-1.60 0.02 60.91 

-1.33 0.66 60.70 

-0.99 0.49 60.52 

-0.65 0.32 60.39 

-0.31 0.15 68.31 

0.04-0.02 60.20 


0.00 
31.63 
52.71 
77.66 
00.72 


82.7.2 
00.99 
70.00 
74.50 


75.00 
77.9/ 
73.69 
71.40 
77.11 
00.02 
00.73 
77.52 
73.66 
-.10.70 


-32.95 

-33.07 

-33.19 

-33.30 

-33.41 

-34.01 

-34.11 

-34.20 

-34.29 

-34.37 

-34.45 

-34.52 

-34.59 

-34.64 

-34.70 

-34.75 

-34.79 

-34.04 

-34.07 

-34.80 

-34.91 

-34.91 

-34.91 

-34.91 

-34.00 

-34.05 

-34.01 

-34.76 

-34.70 

-34.63 

-34.54 

-34.44 

-34.34 

-34.22 

-34.11 

•33.99 

-33.07 

-33.77 

-33.60 


-33.50 

-33.56 


0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0 . 

0 . 

0. 

0. 

0. 

0. 


0. 

0. 

0. 

0. 

0 . 

0 . 

0 . 

0 . 

0. 

0 . 

0 . 

0 . 

0. 

0. 

0 . 

0 . 

0. 

0 . 

0 . 

0. 

0 . 

0 . 

0 . 

0 . 

0 . 

0 . 

0 . 

0 . 

0 . 

0. 

0. 

0. 

0 . 

0. 

0 . 

0. 


0. 

0. 

0. 

0. 


0. 

0, 


TABLE 10.1 
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_UUA11ITEI2.PCH.PP.RPHTJX1M2O30EOO.CP2»1 

OltCOLF « 14.40 Q.E. - 0.00 (UEUKEES) 

TIME U Z HPU RPZ TRU1 TKZ1 TRU2 TRZ2 FU l"i 


0.000 0.000 0.000 0. 0. 

0.005 -0.032 0.000 42736. 0. 

0.010 -0.232 0.001 70652. 6. 

0.015 -0.540 0.003 92640. 30. 

0.020 -0.074 0.006 96579. 74. 

0.025 -1.190 0.012 97057. 135. 

0.030 -1.494 0.020 9/169. 215. 

0.035 -1.7IJ3 0.030 95060. 306. 

0.040 -2.055 0.042 91625. 402. 

0.045 -2.311 0.056 B8310. 502. 

0.050 -2.551 0.072 84573. 603. 

0.055 -2.777 0.090 80660. 702. 

0.060 -2.987 0.110 00627. 030. 

0.065 -3.1B4 0.132 00577. 904. 

0.0/0 -3.365 0.155 79197. 1121. 

0.075 -3.532 0.181 76712. 1245. 

0.000 -3.684 0.200 70457. 1445. 

0.005 -3.020 0.237 79130. 1642. 

0.090 -3.942 0.260 77624. 1003. 

0.095 -4.048 0.301 737/9. 1908. 

0.100 -4.139 0.336 67777. 1942. 

0.105 -4.218 0.373 10350. 327. 

0.110 -4.292 0.409 9040. 311. 

0.115 -4.364 0.445 9070. 330. 

0.120 -4.434 0.480 9107. 363. 

0.125 -4.503 0.513 9135. 307. 

0.130 -4.570 0.546 9162.'- 411. 

0.135 -4.636 0.579 9187. 434. 

0.140 -4.699 0.610 9211. 457. 

0.145 -4.762 0.641 9233. 478. 

0.150 -4.022 0.670 9254. 499. 

0.155 -4.000 0.699 92/4. 519. 

0.160 -4.937 0.727 9292. 530. 

0.165 -4.992 0.754 9309. 557. 

0.170 -5.046 0.700 9323. 575. 

0.175 -5.097 0.805 9330. 592. 

0.180 -5.147 0.030 9350. 609. 

0.105 -5.195 0.854 9361. 624. 

0.190 -5.241 0.876 9372. 639. 

0.195 -5.206 8.890 9300. 654. 

0.200 -5.328 8.919 9386. 667. 

0.205 -5.369 8.939 9391. 680. 

0.210 -5.409 0.9D9 9392. 692. 

0.215 -5.446 0.977 9393. 703. 

0.220 -5.402 0.995 9390. 714. 

0.225 -5.516 1.011 9305. 723. 

0.230 -5.540 1.027 9378. 732. 

0.235 -5.570 1.042 9366. 740. 

0.240 -5.60/ 1.056 9353. 748. 

0.245 -5.633 1.069 9336. 754. 

0.250 -5.650 1.0B1 9315. 759. 

0.2V. 'i.r.112 1.09:1 9292. 704. 

0.260 -5.703 1.103 9265. 768. 

U.206 -*>.723 1.113 9234. 771. 

0.270 -5.741 1.122 9199. 773. 

0.275 - 5.757 1.130 9164. 775. 

0.2IJ0 -5.771 1.137 9125. 776. 

U.VHir* 5.7114 1.14 3 90115. 776. 

0.290 -5.795 1.149 9045. 775. 

0.295 -5.004 1.153 9000. 775. 

0.300 -5.012 1.157 0973. 774. 

0.305 -5.010 1.160 8944. 773. 

0.310 -5.022 1.162 0922. 772. 

0.315 -5.824 1.163 0900. 771. 

0.320 -5.025 1.163 0904. 771. 


0. 1606. 0. 
31. 11766. -8. 

76. 10304. -29. 

207. 24073. -00. 

373. 25093. -146. 

562. 25447. -215. 

701. 25055. -207. 

990. 25327. -379. 

1232. 24014. -456. 

1471. 24162. -538. 

1714. 23440. -620. 

1972. 22012. -602. 

2353. 23150. -002. 

20)9. 23582. -929. 

3284. 23354. -1123. 
3790. 22991. -1280. 
4606. 24023. -1535. 
5775. 24736. -1041. 
7002. 24751. -2193. 
0320. 24031. -2548. 
9700. 22712. -2707. 
1202. 2445. -1341. 

1160. 2360. -1050. 

1105. 2410. -1070. 

1209. 2459. -1090. 

1232. 2507. -1109. 

1255. 2553. -1128. 

1277. 2597. -1145. 

17.B5. 2614. -1103. 

1305. 2656. -1199. 

1325. 2696. -1214. 

1344. 2735. -1229. 

1363. 2772. -1243. 

1300. 7.000. -1257. 

1397. 2042. -1270. 

1413. 2075. -1202. 

1429. 2906. -1293. 

1443. 293G. -1304. 

1458. 2965. -1314. 

1471. 2993. -1323. 

1404. 3018. -1332. 

1496. 3043. -1340. 

1507. 3066. -1346. 

1517. 3007. -1353. 

157.7. 310G. -135B. 

1536. 3124. -1362. 

1544. 3141. -1365. 

1551. 3155. -1367. 

1550. 3169. -1368. 

1563. 3100. -1368. 

1560. 3109. -1366. 

1572. 3197. -1363. 

15/5. 3203. -1360. 

1577. J2UU. -1354. 
15/8. 3211. -1340. 

1579. 3712. -1342. 

1579. 3212. -1333. 

15/U. 3210. -1325. 

1577. 3208. -1316. 

1575. 3205". -1307. 

1574. 3202. -1300. 

1572. 3199. -1293. 

1571. 3196. -1288. 

1570. 3194. -1204. 

1570. 3194. -1283. 


2644. 0. 4330. 

-3179. 42750. 0587. 

-6953. 70699. 11425. 

-9260. 92775. 14703. 

-9824. 96806. 15195. 

-9761. 9/404. 15551. 

-9500. 97663. 16140. 

-9625. 95679. 15397. 

-9101. 92601. 15231. 

-8830. 89244. 14029. 

-8479. 85667. 14350. 

-7000. 81959. 14221. 

-7886. 82170. 14425. 

-7773. 82467. 14025. 

-7905. 81358. 14240. 

-7795. 79223. 13951. 

-7069. 81600. 14/00. 

-7886. 83064.- 15200. 

-7751. 82433. 15197. 

-7359. 79552. 14764. 

-6526. 74689. 14244. 

-2727. 10219. -609. 

-2136. 9150. -00. 

-2177. 9193. -105. 

-2217. 9226. -121. 

-2256. 9250. -137. 

-2294. 9209. -152. 

-2329. 9319. -166. 

-2406. 9313. -240. 

-2438. 9339. -261. 

-2471. 9365. -274. 

-2501. 9309. -205. 

-2530. 9411. -296. 

-2557. 9432. -307. 

-2503. 9451. -316. 

-2600. 9470. -325. 

-2631. 9406. -333. 

-2653. 9501. -341. 

-2674. 9515. -340. 

-2692. 9527. -353. 

-2710. 9530. -359. 

-2726. 9547. -363. 

-2739. 9553. -365. 

-2752. 9550. -360. 

-2762. 9559. -. 169 . 

-2770. 9559. -IG3. 

-2777. 9557. -160. 

-2780. 9551. - 165 . 

-2702. 9543. -161. 

-2702. 9532. -156. 

-2770. 9517. MO. 

-2773. 9500. -MO. 

-2766. 9480. -i)1. 

-2755. 9456. J1U. 

-2743. >429. - 105 . 

-2729. 9401. -:rz. 

-2713. 9371. - 276 . 

-2695. 9330. - 261 . 

-2677. 9306. - 245 . 

-2660. 9276. - 239 . 

-2644. 97.47. - 316 . 

-2630. 9224. - 204 . 

-2619. 9205. -195. 

-2613. 9194. - 190 . 

-2611. 9191. -100. 


TABLE 10.2 
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_UUAi : LI’Bl2. ivn. I'V . IU'irr3XlH203gi200.Cl'J»1 

t um;i:s un <,rai>l.e ahd trail/lower carriage aaaaaaaaaaaaaaa 
OlK.'UEF * 14.10 g.E. » 0.00 (DEGREES) 

TIME FH_U F14JS F13_U F13_Z F/_Y R2_X R2_Y ,.R1_Y M2 


O.OOH ‘MSG. -niiOI. 9456. 10141. 4607. 0. 9335. -335. 0. 

0.005 25308. --09 VM. 17370. 10995. 21023. 47.750. 5597.. 7G65. 90206. 

0.030 40570. 11330. 22123. 24193. 31913. 70099. 3100. 12994. 159073. 

0.015 050111. 13414. 27093. 2967.7. 4 1107. 97.775. 2320. 17125. 200740. 

0.020 707.43. -12422. 7.6563. 29040. 43020. 96006. 1703. 10163. 217014. 

0.07.5 7153 2. -11311. 7.5077.. 7.117.92. 43720. 97404. 177.0. 111501. 7.19.150. 

0.030 77,179. 102911. 7.5404. 2/060. 44410. 97663. 3070. 10741. 7.19743. 

0.035 77.5116. -0426. 23093. 7.5253. 43759. 956/9. 1342. 10725. 2152/0. 

0.040 70963. -7001. 21030. 7.3662. 42941. 92601. 1533. 10360. 200353. 

0.045 69317. -5537.. 19927. 21791. 41900. 09244. 1530. 1/969. 200790. 

0.050 6/451. -4131. 10215. 19919. 40/24. 05667. 1516. 17512. 192750. 

0.055 04950. -2949. 17009. 10600. 39639. 81959. 1919. 16972. .104407. 

0.060 660.17. -1010. 1G162. 17673. 40123. 02170. 1855. 17240. in4902. 

0.065 6694 3. -77.1. 15523. 169/5. 40735. 02467. 1906. 1/509. 105550. 

0.0/0 6/507. 531. 1305.1. 15147. 40331. 01350. 1371. 1/547. 101056. 

0.075 66632. 1613. 12591. 13769. 39683. 797.23. 1297. 17324. 178251. 

O.OMO 69369. 2755. 12239. 13384. 41253. 01600. 1345. 18033. 103610. 

0.005 71446. 3932. 11619. 12/06. 47.355. 03064. 1316. 10562. 1BG095. 

0.090 71024. 5025. 10609. 11602. 42405. 02433. 1217. 1B649. 105474. 

0.095 70150. 5921. 9394. 10273. 41360. 79552. 1197. 10236. 170992. 

0.100 66353. 6557. U337. 9116. 39515. 74609. 1559. 17355. 160051. 

0.105 10312. 97.3. -93. -102. 6045. 10219. 959. 3101. 22992. 

0.110 0773. 921. 305. 421. 6695. 9150. 1723. 2059. 20605. 

0.115 0900. 1005. 7.93. 37.0. 6719. 9193. 1601. 7.004. 70604. 

0.120 907.3. 100(1. 203. 27.1. 6743. 9226. 1641. 2909. 20750. 

0.125 9144. 1160. 114. 125. 6/66. 9258. 1601. 2932. 2003). 

K.J30 9260. 17.4 7. 20. 31. 6/07. 9209. 1563. 2955. 20900. 

0.135 93/3. 1323. -54-. -60. 6054. 9319. 157.6. 2977. 20967. 

0.14(1 9496. 1302. -103. -200. 6924. 9313. 1431. 2991. 20955. 

0. 145 9599. 1453. -260. -204. 7006. 9339. 1390. 3011. 7.1014. 

0.150 9699 . 1522. -334. -365. 7006. 9365. )365. 3031. 21072. 

0.165 9/94. 15(18. -406. -444. 7163. 93139. 1335. 3050. 21124. 

0.160 9886. 1653. -475. -520. 77.30. 9411. 1306. 3060. 7.1175. 

0.165 99/4. 1716. -542. -593. 7310. 9432. 17.70. 3005. 21222. 

0.170 10057. 1777. -606. -663. 7378. 9451. 1252. 3102. 21264. 

0.175 10130. 1835. -660. -731. 7445. 9470. 1227. 3110. 21307. 

0.180 10213. 1092. -727. -795. 7509. 9486. 1204. 3133. 21343. 

0.185 107.84. 1946. -704. -057. 7570. 9501 . 1102. 3147. 21370. 

0.190 10954. 1999. -030. -917. 7629. 9515. 1161. 3161. 21410. 

0.195 10417. 2050. -009. -9/3. 7604. 9527. 1143. 31/4. 21436. 

0.200 10477. 2090. -939. -1026. 773/. 9530. 1125. 3106. 21460. 


0.205 10531. 2144. -9135. -10/7. 7/87. 9547. 1109. 3190. 21400. 

0.210 10500. 2180. -1027. -1123. 7033. 9553. 1097. 3200. 21494. 

0.215 10626. 2230. -1068. -1160. 7077. 9550. 1004. 3Z10. 21506. 

0.220 10665. 2269. -1105. -17.09. 7910. 9559. 1075. 3226. 7.1509. 

0.225 10699. 7.307. -1139. -1246. 7955. 9559. 106B. 3234. 21601'. 

0.230 10720. 2342. -11/1. -17.01. 7909. 9557. 1061. 3240. 21501. 

0.235 10749. 2375. -1190. -1310. 0020. 9551. 1060. 3245. 214'H. 

0.240 10/66. 2406. -17.23. -1330. 0047. 9543. 1059. 37.50. ’ 214/.’. 

0.245 10777. 2435. -1245. -1361. 8072. 9532. 1061. 3253. 7.144 / 

0.250 10779. 24G2. -1262. -1300. 0091. 9517. 1066. 3255. 2141’ 

0.255 10/7/. 2406. -1277. -139G. 8109. 9500. 1074. 32SG. 21 } ’ 

"••’.r.M * , i7r.n. anon. -lami. -i4«y. 0122. 9400. 1003. 325G. nn 

10/52. 25211. -1296. -14J7.- 8132. 9456. 1097. 37.55. 21. f 

11.3/0 10/9.3. 2541.. -1300. -142.2. IIIJII. 9429. 1112. 3252. 21 i' 

0.2/6 10/03. 7.562. -1302. -1424. U141. 9401. 1129. 3249. ?.ll ’ 

0.7.00 I OliVI. 2675. -1100. 14/2. 0.14 1 . 93/1. 1149. 3245. 21U14 

o.2M'i 106.1*,. 25117. -1296. -141H. 0139. 9330. 1169. 3240. 21 o II 

n.2'10 Kl't'lG. 2601,. -1290. -141.1. 1)134. 9306. 1191. 32.34. 2onn. 

0.295 10559. 2G05. -1204. -1404. 0129. 9276. 1212. 3229. 2on/<t. 

0.300 10524. 2610. -1277. -1396. 0123. 9247. 1230. 3224. 201**)/. 

0.105 10494. 2615. -1270. -1389. 8117. 9224. 1247. 37.19. 20/53. 

0.310 104/0. 261(3. -1265. -1383. 0112. 9205. 1259. 3216. 20/17. 

0.315 10450. 2620. -1261. -1379. 8109. 9194. 1267. 3214. 20GU7. 

0.320 10451. 2020. -1260. -13/0. 8100. 9191. 1269. 3213. 20G00. 


TABLE 10.3 




BEST AVAILABLE COPY 
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29 30 

j/UAl :LPE12. PCh KFKTJX1M2UJyEOU. CP4; 1 

FORCES ON UPPER CARRIAGE aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa 
ORUJEF *14.40 ».E. ■ 0.00 (DECREES) F2_X CHOSEN¬ 
TIME F12_X F12_Y F11_X F11_Y F3_Y F1_X F2_Y 


0 . 

F3_Y 


0.000 9456. 4501. 

0.005 -25300. 09/0. 

0.010 -40570. 1133U. 

0.015 -656R3. 13414. 

0.07.0 -7024 J. 124 22. 

0.025 -71532. 11311. 

0.030 -72179. 10290. 

0.035 -72500. 0426. 

0.040 -70903. 7001. 

0.045 -69317. 5532. 

0.050 -67451. 4131. 

0.055 -04950. 2949. 

0.000 -60017. 1810. 

0.065 -06943. 721. 

0.070 -67507. -531. 

0.075 -66632. -1613. 

0.0110 -69369. -2755. 

0.005 -71446. -3932. 

0.090 -71824. -5025. 

0.095 -70150. -5921. 

0.100 -66353. -6557. 

0.105 -10312. -923. 

0.110 -0773. -921. 

0.115 -8900. -1005. 

0.120 -9023. -10B8. 

0.125 -9144. -1160. 

0.130 -9260. -1247. 

0.135 -9373. -1323. 

0.140 -9496. -1302. 

0.145 -9599. -1453. 

0.150 -9699. -1522.' 

0.155 -9794. -1580. 

0.160 -9006. -1653. 

0.165 -9974. -1716. 

0.170 -10057. -1777. 

0.175 -10130. -1035. 

0.180 -10213. -1092. 

0.105 -10204. -1946. 

0.190 -10354. -1999. 

0.195 -10417. -2050. 

0.200 -10477. -2090. 

0.205 -10531. -2144. 

0.210 -10580. -2180. 

0.215 -10626. -2230. 

0.220 -10665. -2269. 

0.225 -10699. -2307. 

0.230 -10720. -2342. 

0.235 -10749. -2375. 

0.240 -10766. -2406. 

0.245 -10777. -2435. 

0.250 -10779. -2462. 

0 75^ -in7->7. -2486, 

0.7.65 -10752. -2528. 

0.7.70 -10729. -2546. 

0.275 -10703. -2562. 

•I. 2110 - I tir. /l. -25 /5. 

0.2HH -10615, -2507. 

0.290 -10596. -2596. 

0.295 -10559. -2605. 

0.100 -I or. 24. - 2610 . 

0.305 -10494. -2615. 

0.310 -10470. -26111. 

0.315 -10456. -2670. 

0.320 -10451. -2620. • 


-9456. 10341. 10341. 
-17370. -10995. 10995. 
-22123. -24193. 24193. 
-2/093. -2967.7. 29627. 
-7.6563. -29040. 29040. 
-25072. -20292. 207.92. 
-25404. -2/068. 27860. 
-23093. -25253. 25253. 
-21630. -23662. 23662. 


-19927. -21791. 21791. 
-18215. -19919. 19919. 
-1/009. -10600. 10600. 
-16162. -17673. 17673. 
-15523. -16975. 16975. 
-13051. -15147. 15147. 


-12591. -13769. 13769. 

-12239. -13304. 13304. 

-11619. -12706. 12706. 

-10609. -11602. 11602. 

-9394. -10273. 10273. 

-0337. -9116. 9116. 

93. 102. 0. 

-385. -421. 421. 

-293. -320. 320. 

-203. -221. 221. 

-1J4. -125. 125. 

-20. -31. 31. 

54. 60. 0. 

103. 200. 0. 

260. 284. 0. 

334. 365. 0. 

406. 444. 0. 

475. 520. 0. 

542. 593. 0. 

606. 663. 0. 

660. 731. 0. 

727. 795. 0. 

704. 057. 0. 

030. 917. 0. 

B09. 973. 0. 

939. 1026. 0. 

905. 1077. 0. 

1027. 1123. 0. 

1060. 1160. 0. 

1105. 1209. 0. 

1139. 1246. 0. 

1171. 1201. 0. 

1198. 1310. 0. 

1223. 1330. 0. 

1245. 1361. 0. 

1262. 1300. 0. 

1277. 1396. 0. 

1296. 1417. 0. 

1300. 1422. 0. 

1302. 1424. 0. 

1300. 1422. 0. 

1296. 1410. 0. 

1290. 1411. 0. 

1204. 1404. 0. 

1277. 1396. 0. 

1270. 1389. 0. 

1265. 1303. 0. 

1261. 1379. 0. 

1260. 13/8. 0. 


0. 4720. -9309. 

42750. -15431. 6452. 

70699. -20013. 174/5. 

92775. -30779. 25365. 

96806. -41317. 20035. 

97404. -42000. 30609. 

97663. -42340. 32012. 

95679. -42417. 33991. 

92601. -41400. 34407. 

09244. -40370. 34030. 

85667. -39208. 350/7. 

01959. -37720. 34771. 

02178. -30260. 36450. 

02467. -30749. 30029. 

01350. -30960. 39491. 

79223. -38306. 39999. 

U160B. -39907. 42062. 

83064. -41039. 44971. 

82433. -41187. 46212. 

79552. -40170. 46092. 

74609. -37956. 44511. 

10219. -5086. 6706. 

9158. -4972. 5093. 

9193. -5038. 6044. 

9226. -5102. 6190. 

9250. -5105. 6333. 

9289. -5225. 6171. 

9319. -5327. 6591. 

9313. -5493. 6675. 

9339. -5600. 6777. 

9365. -5721. 6077. 

9389. -5828. 6973. 

9411. -5932. 7065. 

9432. -6031. 7155. 

9451. -6126. 7240. 

9470. -6210. 7323. 

9406. -6305. 7402. 

9501. -6300. 7477. 

9515. -6468. 7550. 

9527. -6541. 7610. 

9530. -6612. 7603. 

9547. -6677. 7744. 

9553. -6736. 7001. 

9550. -6793. 7055. 

9559. -6043. 7904. 

9559. -6BBB. 7949. 

9557. -6920. 7989. 

9551. -6960. 0025. 

9543. -6909. 8057. 

9532. -7011. 0005. 

9517. -7025. 8107. 

9500. -7035. 8125. 

9456. -7035. 0146. 

9429. -7025. 0150. 

9401. -7012. 8150. 

9371. • -6933. BUG. 

9330. -6969. 0)311. 

9306. -6943. 0121!. 

9276. -6917. 0110. 

9247. -6092. 01OG. 

9224. -6070.. 009G. 

9205. -6053. 0000. 

9194. -6842. 0002. 

9191. -6039. 0001. 


TABLE 10.4 



5 , 210,370 


_L)IJA1: L PEI 2. I’CK. VP . K r ■"•'X1BR0E4 5.CPIsi 


OHCOEF * 14.40 0~.E. - 45.00 (DECREES) 


TIME RP Fl'HACK F-FLOAT.Y U Z VU 


0.000 3062. 
0.005 44063. 
0.010 (17934. 
0.016 106563. 
(1.020 104530. 
0.025 102663. 
0.030 102170. 
0.035 100779. 
0.040 99304. 
0.045 90165. 
0.050 97313. 
0.055 97201. 
0.060 97560. 
0.065 9020U. 
0.070 90770. 
0.075 99371. 
O.OHO 100752. 
0.005 90736. 
0.090 103914. 
0.095 103908. 
0. 100 101110. 
0.105 04250. 
0.110 57031. 
0.115 35237. 
0.120 21947. 
0.125 14649. 
0.130 10778. 
0.135 0023. 
0.140 8040. 


3062. 

7308. 

10105. 

13260. 

13596. 

13924. 

14470. 

13603. 

13367. 

12600. 

11690. 

10714. 

9942. 

9047. 

6941. 

4627. 

1543. 

-1065. 

-57)7. 


-10366. 

-14393. 

-14147. 

-9403. 

-4020. 

-1714. 

67. 

1035. 

1531. 


16B1. 


0724. 0.000 

31602. -0.032 
53965. -0.232 
65000. -0.547 
64737. -0.069 
64003. -1.101 
64090. -1.479 
62236. -1.762 
61030. -2.02B 
59435. -2.270 
57009. -2.510 
56435. -2.725 
55495. -2.924 
54590. -3.105 
52344. -3.270 
49947. -3.416 
47096. -3.545 
43345. -3.655 
40466. -3.740 
35470. -3.022 
30032. -3.070 
23339. -3.917 
17009. -3.941 
13079. -3.956 
10916. -3.965 
9009. -3.971 
9240. -3.974 
0971. -3.976 
8811. -3.977 


0.000 0.00 
0.000 -19.54 
0.001 -56.40 
0.003 -65.27 
0.006 -63.64 
0.012 -60.92 
0.020 -50.25 
0.029 -55.00 
0.041 -51.54 
0.054 -40.13 
0.069 -44.74 
0.006 -41.30 
0.104 -30.01 
0.123 -34.63 
0.142 -31.10 
0.163 -27.51 
0.103 -23.09 
0.202 -20.29 
0.221 -16.69 
0.237 -12.99 
0.251 -9.44 

0.261 -6.IB 

0.260 -3.00 

0.272 -2.31 

0.275 -1.42 

0.277 -0.00 

0.278 -0.53 

0.278 -0.20 

0.279 -0.07 


BEST available COPY 


32 


VZ AU 

0.00 0.00 

0.05 -7041.92 

0.23 -4565.70 

0.56 -97.32 

0.94 423.40 

1.33 537.32 

1.73 534.65 

2.13 696.50 

2.50 606.53 

2.06 670.70 

3.17 6/3.05 

3.44 672.66 

3.67 675.03 

3.8/ 601.50 

4.01 716.32 

4.06 719.19 

4.00 726.32 

3.03 707.95 

3.53 739.09 

3.04 730.27- 

2.40 700.69- 

1.68 574.27- 

1.07 300.43- 

0.67 227.72 

0.42 135.38 

0.26 84.92 

0.16 58.24 

0.08 44.78 

0.02 40.57 


AZ 

0.00 0 . 

31.55 0. 

52.27 0. 

-75.57 0. 

77.67 0. 

79.63 0. 

03.06 0. 

75.89 0. 

73.31 0. 

66.75 0. 

50.90 0. 

50.57 0. 

43.63 0. 

35.60 0. 

10.79 0. 

0.37 . 0. 

-23.71 0. 

-43.71 0. 

-79.32 0. 

■113.77 0. 

•142.00 0. 

-130.30 0. 

-100.30 0. 

-63.31 0. 

-38.04 0. 

-24.87 0. 

-17.30 0. 

-13.43 0. 

- 12.22 0 . 


_DUA1:LFE12.PCR.PP.RFRT3X1SRUE45.CP2 >1 


ORCOEF = 

14.40 

O.E. * 

45.00 

(DEGREES) 



TIME U 

Z 

RPU 

RPZ 

TRU1 TRZ1 

TRU2 TRZ2 FU 

F2 

0.000 0.000 

0.000 

3062. 

0 . 

0. 1796. 

0. 1266. 3062. 

3062. 

0.005 -0.032 

0.000 

44063. 

0 . 

30. 11529. 

-11. -4221. 44082. 

7300. 

0.010 -0.232 

0.001 

07934. 

0 . 

80. 21275. 

-46.-11170. 87976. 

10097. 

0.015 -0.547 

0.003 

105563. 

34. 

224. 26022. 

-110.-12755. 105677. 

13233. 

0.020 -0.069 

0.006 

104530. 

79. 

3B4. 2601b. 

-183.-12421. 104731. 

13516. 

0.025 -1.101 

0.012 

102663. 

141. 

565. 25872. 

-261.-11952. 102967. 

13700. 

0.030 -1.479 

0.020 

102178. 

222. 

770. 26115. 

-347.-11652. 102609. 

14242. 

0.035 -1.762 

O.OW 

100779. 

316. 

992. 25649. 

-466.-12056. 101304. 

13277. 

0.040 -2.028 

0.041 

99303. 

422. 

1236. 25431. 

-507.-12000. 99952. 

12929. 

0.045 -2.2/8 

0.054 

9B163. 

540. 

1409. 25094. 

-742.-12508. 90910. 

12046. 

0.050 -2.510 

0.069 

9/311. 

660. 

1755. 24770. 

-928.-13101. 90138. 

11001. 

0.055 -2.725 

0.086 

97198. 

809. 

2045. 24503. 

-1157.-13906. 98086. 

9000. 

0.060 -2.924 

0.104 

97555. 

962. 

2377. 24589. 

-1420.-14693. 9B512. 

8934 . 

0.065 -3.105 

0.123 

90202. 

1126. 

2756. 24630. 

-1751.-15647. 99207. 

7805. 

0.070 -3.270 

0.142 

98762. 

1294. 

3116. 24175. 

-2229.-17291. 99649. 

5590. 

0.075 -3.416 

0.163 

99360. 

1466. 

3491. 23666. 

-2015.-19009. 100035. 

3112. 

0.000 -3.545 

0. 183 

100739. 

1652. 

.1056. 23040. 

-3601.-21518. 100994. 

-130. 

II.OH'i I.I.Vi 


90/20. 

1776. 

411/. 21035. 

-4315. -22(101. 90522. 

-2022. 

0.090 -3.7411 

0.221 

1031195. 

2021. 

45.16. 21471. 

••5717. -270G5. 102713. 

-7615. 

O.O'I'J - 3.922 

0.23/ 

luJutr*. 

2158. 

4662. 19931. 

-7024.-30025. 101525. 

-12252. 

0.100 -3.070 

0.251 

10109-. 

2210. 

4571. 17962. 

-8121.-31910. 97544. 

-16150. 

0.105 -1.91/ 

0.261 

(14 220. 

1910. 

1(170. 142111. 

-75/0.-27935. 00520. 

-15504. 

U. MO -.1,941 

0.201) 

57016. 

137.3. 

27511. 9/61. 

-5336.-180B7, 54430. 

-10450. 

0,1 1 s ;i, 9'\t. 

9.212 

J 7.7. 

U.JO. 

1069. 6443. 

-3211.-11072. 33004. 

-5450. 

0.120 -3.965 

0.275 

21940. 

521. 

1320. 4502. 

-1812. -6147. 21456. 

-2106. 

0.125 -3.971 

0.277 

14645. 

350. 

1031. 3461. 

-1012. -3397. 14664. 

-206. 

0.130 -3.974 

0.270 

10775. 

250. 

074. 2915. 

-577. -1924. 11072. 

733. 

0.135 -3.9/6 

0.278 

0021. 

212. 

795. 2642. 

-354. -1176. 9262. 

1254 . 

0.140 -3.977 

0.279 

8037. 

193. 

758. 2515. 

-273. -905. 0523. 

1417. 


TABLE 11. Z 
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33 

..LHJAl! IFEI 2 . I’CR. IT •JX15RQE4 5. cr J; 1 

FORCES ON CRADLE AND"THAIL/LOHER CARRIAGE ***AA, 
OHCOEF * 14.40 Q.E. * 45.00 (DEGREES) 


BEST AVAILABLE COPY 

i AAAAAAAA 


TIME F14_U F14_2 F1.1_U F13_Z F/_Y R2_X R2_Y R1_Y M2 


0.000 -4400. -3616. 04/9. /Oll'J. 
0.005 20595. -04 57. 10499. 16776. 
0.010 64503. -11096. 24404. 22204. 
0.015 76260. -13344. 30420. 27500. 
0.020 76106. -12350. 29G3G. 20077. 
0.025 75220. -11202. 20750. 26073. 
0.030 75426. -10316. 20194. 255G9. 
0.035 77393. -8314. 24923. 22602. 
6.040 70040. -6048. 22923. 20709. 
0.045 7903U. -5156. 200U3. 18213. 
0.050 02028. -3514. 1/120. 1552G. 
0.055 84936. -1963. 14160. 12842. 
0.060 117005. -609. 11630. 10554. 
0.065 91279. G96. 9019. 8100. 
0.0/0 95819. 2211. 4041. 4391. 
0.075 100441. 3574. 605. 549. 
0.000 10G4G0. 4922. -4456. -4041. 
0.005 107099. 5776. -0366. r7507. 
0.090 110003. 7144. 15159. -1374/. 
0.095 12.3/02. 7955. -21J67. -19196. 
0.100 124417. 0307. -25062. -23404. 
0.105 105460. 7140. -23929. -21701. 
0.110 71102. 4030. -15733. -14269. 
0.110 42994. 2096. -0090. -7344. 
0.120 25614. 1700. -3147. -2054. 
0.125 16021. 1039. -346. -314. 
0.130 10919. 688. 1165. 1006. 
0.130 0330. 510. 1935. 1755. 
0.140 7344. 442. 2189. 1906. 


0444. 0. 8724. 276. 0. 

45659. 26003. 31602. 9406. 50500. 

04210. 55068. 53965; 20053. 123904. 

100946. 65367. 65000. 23672. 147076. 

100139. 64490. 64737. 23546. 145122. 

90625. 63065. 64003. 23219. 141095. 

98403. 62405. 64090. 23206. 140591. 

96522. 62245. 62236. 23455. 140051. 

94909. 61534. 61030. 23451. 130452. 

93416. 61422. 59435. 23693. 130199. 

91996. 61615. 57809. 24034. 130633. 

91151. 62379. 56435. 24570. 140353. 

90036. 63341. 55495. 25152. 142517. 

90753. 64645. 54590. 25040. 145452. 

09696. 66509. 52344. 26742. 149646. 

B0501. 68535. 49947. 27659. 154204. 

92039. 71505. 47096. 20896. 160006. 

92426. 71661. 43345. 20996. 161237. 

100165. 70013. 40466. 31449. 175530. 

102/75. 00452. 35470. 32310. 101017. 

102163. 80400. 30032. 32187. 180900. 

86445. 67947. 23339. 27267. 152801. 

59261. 45882. 17009. 18606. 103235. 

37157. 27820. 13079. 11691. 62596. 

23596. 16703. 10916. 7394. 37501. 

16130. 10571. 9009. 5027. 23/06. 

13333. 7311. 9240. 3770. 16450. 

12101. 5662. 8371. 3134. 12740. 

11573. 5025. 8811. 2007. 11306. 


TABLE 11.3 

_DUA1s LFE12.FCH.FF.RFRTJX1SRQE4 5.CF4;1 

FORCES ON UPPER CARRIAGE aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa 

ORCOEF * 14.40 Q.E. ■ 45.00 (DEGREES) F2_X CHOSEN- 0. 

T1HE F12_X F12_Y F11_X F11_Y F9_Y F1_X F2_Y F3_Y 


0.000 558. 5672. -550. -11432. 11432. 

0.005 -24786. -12825. -1210. -24943. 24943. 

0.010 -53456.-37764. -1612. -33014. 33014. 

0.015 -63365.-44494. -2003. -41018. 41018. 

0.020 -62547. -45003. -1951. -39960. 39960. 

0.025 -61172. -45216. -1893. -30706. 30766. 

0.030 -60629. -46040. -1056. -3001G. 38016. 

0.0.15 -60604. -40046. -1641. -33605. 33605. 

0.040 -60025. -50340. -1509. -30909. 30909. 

0.045 -60100. -52B00. -1322. -27000. 2/080. 

0.050 -60488. -55518. -1127. -230BD. 23085. 

0.055 -61447. -58672. -932. -19093. 19093. 

0.060 -62575. -61714. -766. -15693. 15693. 

"• MOV.!. G'.O IV. 5*14. 1211,V.. I21G2. 

0.0/0 -66191. -6931U■ -319. -6S2U. 6520. 

0.07!.. -1,1)49!... -7 11,50. -40. -Ul6. Bib. 

0.000 -71790. -70/60. 293. 600U. 0. 

0.005 -72212. -00301. 551. U. 21.10. 0. 

0.090 -79011. -U9J J4. 9911. 20440. 0. 

0.09!) 11(046. 91096. 11)94. 20340. 0. 

0.100 -02102. -93050. 1703. 340/2. 0. 

0.105 -69522. -79632. 1575. 32266. 0. 

0.110 -46918. -53749. 1036. 21215. 0. 

0.115 -20353. -32449. 533. 10920. 0. 

0.120 -16910. -19314. 207. 4244. 0. 

0.125 -10594. -12063. 23. 46/. 0. 

0.130 -7234. -8207. -77. -1570. 15/0. 

0.1J5 -5535. -6257. -127. -2609. 2609. 

0.140 -4001. -5506. -144. -2952. 2952. 

TABLE 11.4 


0. 279. -5951. 

26003. -14057. 26882. 

55068. -30253. 68017. 

65367. -35866. 80360. 

64490. -35402. 00484. 

63065. -34622. 79830. 

62405. -34313. 00353. 

62245. -34206. 03132. 

61534. -33951. 04291. 

61422. -339B1. B67B9. 

61615. -34187. 09705. 

62379. -34716. 93307. 

63341. -35341. 97055. 

64645. -36163. 101200. 
60509. -37352. 106070. 
6U535. -31)634. 112104. 
715t r '. -44944. 117695. 
71661. -49081. 11B102. 
7U013. -59699. 12D374. 
00452. -07297. 131053. 
00400. -72131. 131109. 
67947. -63106. 110472. 
45802. -42173. 74707. 

27020. -24078. 45608. 

16703. -12680. 27750. 

105/1. -6321. 17910. 

7311. -4005. 12292. 

5662. -3130. 9306. 

5025. -2762. 8260. 
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^ST AVAILABLE COPY 


35 

.UUA1:LPE12.PCP " r<PRTJX13RQE70.CFl;l 

ORLW *14.4^ O.E. * 70.00 (DEGREES) 


TIME RP F1HACK F-FLOAT.Y U 

0.000 4069. 1401. 7961. 0.000 

0.005 44111. 577.5. 40176. -0.033 

0.010 0(1123. 0545. 73041. -0.233 

0.015 105073. 11730. 09074. -0.540 

0.020 104929. 12076. 80499. -0.871 

0.025 103160. 12416. 87322. -1.183 

0.030 102790. 12984. 07300. -1.401 

0.035 101524. 12149. 05473. -1.766 

0.040 100100. 11921. 04104. -2.033 

0.045 99102. 11173. 02550. -2.203 

0.050 90450. 10302. 01109. -2.516 

0.055 90536. 9277. 80116. -2.732 

0.060 99126. 0534. 79710. -2.932 

0.065 100129. 7617. 79457. -3.114 

0.070 100950. 5476. 70030. -3.279 

0.075 102032. 3020. 76633. -3.426 

0.000 103554. -160. 74062. -3.555 

0.005 101469. -2016. 71023. -3.666 

0.090 100365. -8029. 71179. -3.750 

0.095 107697. -127QG. 66477. -3.031 

0.100 105620. -17179. 61099. -3.006 

0.105 04J23. -15021. 47577. -3.923 

0.110 55479. -10556. 32304. -3.946 

0.115 34046. -5045. 21034. -3.959 

0.120 21525. -2075. 15077. -3.960 

0.125 14764. -1207. 12721. -3.973 

0.130 11149. 296. 11053. -3.977 

0.135 9220. 195. 10173. -3.979 

0.140 8260. 393. 9692. -3.900 

0.145 7992. 464. 9567. -3.900 


Z VU V2 AU AZ 

0.000 0.00 0.00 0.00 0.00 0 . 

0.000 -19.50 0.05 -7049.00 31.53 0. 

0.001 -56.47 0.23 -4571.02 52.42 0. 

0.003 -65.37 0.56 -102.59 75.89 0. 

0.006 -63.76 0.94 418.71 78.12 0. 

0.012 -61.07 1.34 533.35 80.17 0. 

0.020 -50.41 1.74 531.45 03.75 0. 

0.030 -55.17 2.14 694.22 76.02 0. 

0.041 -51.73 2.52 605.05 74.20 0. 

0.055 -48.32 2.OB 67D.25 67.79 0. 

0.070 -44.94 3.20 673.30 60.29 0. 

0.007 -41.57 3.48 674.25 51.55 0. 

0.105 -30.19 3.72 679.01 44.79 0. 

0.124 -34.70 3.92 686.65 36.65 0. 

0.144 -31.23 4.06 723.75 19.44 0. 

0.164 -27.60 4.11 729.78 -0.05 0. 

0.185 -23.92 4.05 737.56 -24.90 0. 

0.204 -20.26 3.07 710.32 -45.23 0. 

0.223 -16.56 3.55 760.96 -05.14 0. 

0.240 -12.76 3.03 746.55-120.19 0. 

0.253 -9.10 2.34 721.16-151.BO 0. 

0.263 -5.02 1.59 563.70-138.6G 0. 

0.269 -3.53 1.00 359.09 -96.04 0. 

0.273 -2.14 0.62 209.20 -50.67 0. 

0.276 -1.33 0.39 122.30 -35.29 0. 

0.277 -0.05 0.25 75.58 -22.22 0. 

0.270 -0.54 0.16 50.68 -15.10 0. 

0.279 -0.32 0.10 37.45 -11.26 0. 

0.279 -0.15 0.04 32.03 -9.69 0. 

0.279 0.01 0.00 30.13 -9.13 0. 


„D<JA1!LPE12.PCR.TP.HPRTJX1SRQE70.CP2;1 

ORCUEF * 14.40 Q.E. « 70.00 (DEGREES) 

TIME U Z RPU RPZ TRU1 TRZ1 TRU2 TRZ2 FU FZ 


0.000 0.000 0.000 4069. 0. 
0.005 -0.033 0.000 44111. 0. 
0.010 -0.233 0.001 08123. 8. 
0.015 -0.548 0.003 105873. 34. 
0.020 -0.871 0.006 104929. 79. 
0.025 -1.183 0.012 103168. 142. 
0.030 -1.481 0.020 102798. 224. 
0.035 -1.766 0.030 101523. 320. 
0.040 -2.033 0.041 100179. 420. 
0-045 -2.283 0.055 99100. 549. 
0.050 -2.516 0.070 98447. 600. 
0.055 -2.732 0.007 98533. 826. 
0.060 -2.937. 0.105 99121. 904. 
0.065 -3.114 0.124 100123. 1156. 
0.070 -3.279 0.144 J00949. 1333. 
«>.!)/•; 1.426 ti. 11.4 HI2H2I. IMU. 
O.OIJU -3.0.11)5 1.03540. 1713. 
O.OU'j -J.606 0.204 101452. 1040. 
0.090 -3.758 0.223 100344. 2127. 
0.095 -3.031 0.240 107674. 2256. 
0.100 -3.806 0.253 105594. 2326. 
0.105 -3.9210.263 M430I. 1923. 
0.110 -3.946 0.269 55464. 1293. 
«>.l I'. :i.9'.'l 0.27.1 34017. UU4. 
0.120 -3.968 0.276 21519. 513. 
0.125 -3.973 0.277 14760. 354. 
0.130 -3.977 0.270 11146. 260. 
0.135 -3.979 0.279 9225. 222. 
0.140 -3.980 0.279 8266. 199. 
0.145 -3.980 0.279 7990. 193. 


0. 1379. 0. 102. 4069. 1401 

29. 10922. -14. -5197. 44126. 5724 

86. 20705. -50.-12160. 00150. 0537 

219. 25405. -118.-13755. 105974. 11G96 

377. 25503. -199.-13429. 105107. 11995 

555. 25387. -284.-12973. 103439. 122/1 

766. 25662. -379.-12684. 103185. 12754 

979. 25236. -500.-13096. 101995. 11020 

1222. 25050. -641.-13144. 100760. 11179 

1475. 24750. -810.-13596. 99B45. 10005 

1742. 24470. -1011.-14194. 99179. 9596 

2034. 24314. -1260.-15069. 99306. 0119 

2373. 24307. -1546.-15093. 99947. 7510 

2761. 24493. -1900.-16924. 100976. 6413 

3134. 24102. -2420.-18672. 101655. 4n-i/ 

3524. 23660. -3070.-20662. 102467. M 
31197. 23033. -3924.-23191. 103513. -10/1 

4164. 21007. -4692.-24573. 100924. -4o9G 

4633. 21635. -6314.-29486. 106663. -99’0 

4723. 19917. -7673.-32350. 104723. -1467/ 
4635. 17984. -0927..-34G19. 101307. -lM'ir.l 
3749. 13690. -7927.-20950. 80123. -171U: 

2565. 9000. -5457.-19160. 52573. -11415 

1609. b/06. -3320.-11397. 32399. -b115 

1177. 3973. -1994. -6729. 20702. -326? 

902. 3014. -124B. -4170. 14414. -1310 

755. 2507. -040. -2791. 110G1. -551 

677. 2240. -621. -2053. 9202. -35 

633. 2009. -519. -1713. 8380. 177 

622. 2050. -407. -1606. 8125. 251 


TABLE 12.2 
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BEST AVAILA§& COPY 


005 25110. 
010 r,03Cl. 
015 09362. 
020 69363. 
025 6n73B. 


010 73776. 
015 76701. 
050 00105. 
055 01511. 


095 112129. 
100 116100. 
105 119563. 
110 70956. 


2G3GB. 109216. 
257G5. 100179. 
25011. 106373. 
21652. 105967. 
21560. 103705. 


-2111. 90110. 

-7560. 103658. 
-11170. 101022. 
-19016. 116706. 
-25052. 120137. 
-30105. 121900. 
-26166. 99571. 

-17395. 66623. 


00199. 19043, 
07322. 18746. 
8730B. 10607. 
B5473. 19001. 
01101. 19175. 
B2550. 19562. 
, 01109. 20012. 
, 00116. 20751. 
, 79710. 2111(1. 
, 79157. 22293. 
. 70090. 2350G. 
. 76633. 21B29. 
. 741)62. 26439. 
. 71023. 2G910. 
. 71179. 30309. 


12721. 4977. 

11053. 3022. 

10173. 3207. 

9692. 2912. 

9567. 2B24. 


_UUA11L FE12. FCR. I’F. lirKT JX1SR(JE70. Ct’4; 1 


-1033. 1183. 
-16020. -20920. 
-Jl106. -52U01. 
-37051. -60328. 


-31(106. -94991. 
-37501.-102307. 
•.1:1779.-11007.7. 
-.*.!/1!».-ill 1J1. 


0. -916. 

9713. -0636. 

22130. -17009. 


52466. -C0002. 
41549. -51997. 
20730. -34239. 


TABLE 12.4 









BEST AVAILABLE CQp 



40 


AU AZ 


0.000 377. 1314. 937 /. 0.000 

0.005 43751. 0570. UU33. -0.033 

0.010 70/01. 11433. U430. -0.333 

0.0115 93/53. 14010. 9334. -0.54IJ 

0.030 90733. 153/3. 9013. -0.075 

0.035 9723U. 15700. 9082. -1.191 

0.030 97305. 16403. 9400. -1.495 

0.035 95300. 15741. 0503. -1.704 

0.040 93101. 15724. 0593. -2.057 

0.015 00611. 157711. 0270. -2.313 

0.050 04095. 15004. 0054. -2.554 

0.055 01010. 15005. 0202. -2.779 

0.060 nio/n. 15559. 025/. -2.991 

0.065 01060. 15053. 0097. -3.107 

0.070 7971M. 15630. 7573. -3.369 

0.0/5 7/249. 150U7. 7512. -3.536 

0.000 79221. 16671. 7623. -3.6UM 

0.0115 79926. 17501. 7673. -3.025 

0.090 /niOO. 10040. 7606. -3.947 

0.095 71101. 18232. 7636. -4.053 

0.100 60/17. 17632. 7044. -4.144 

0.105 9074. 123. 2205. -4.223 

0.110 9079. 392. 2506. -4.29/ 

0.115 9113. 402. 2465. -4.370 

0.120 9145. 411. 2424. -4.442 

0.125 9170. 420. 2384. -4.511 

0.130 9200. 420. 2345. -4.580 

0.135 9230. 437. 2300. -4.646 

0.140 9267. 370. 2208. -4.711 

0.145 9294. 370. 2173. -4.774 

0.150 9320. 306. 2140. -4.036 

0.155 9344. 395. 2101f. -4.895 

0.160 9369. 403. 2076. -4.954 

0.165 9391. 411. 2047. -5.010 

0.170 9412. 419. 2010. -5.065 

0.175 9133. 426. 1990. -5.110 

0.100 9451. 434. 1965. -5.169 

0.105 9471. 440. 1930. -5.219 

0.190 9409. 448. 1914. -5.266 

0.195 9505. 456. 1092. -5.313 

0.200 9520. 462. 1869. -5.357 

0.205 9532. 469. 1050. -5.400 

0.210 9545. .477. 1031. -5.440 

0.215 9555.- 484. 1013. -5.400 

0.220 9563. 491. 1797. -5.517 

0.225 9569. 499. 1703. -5.553 

0.230 9571. ‘ 507. 1771. -5.5B7 

0.235 9574. 515. 1760. -5.619 

0.240 9572. 524. 1752. -5.649 

0.245 9560. 534. 1746. -5.678 

0.250 9561. 544. 1742. -5.705 

0.255 9547. 555. 1742. -5.730 

0.260 9534. 566. 1743. -5.754 

0.265 9513. 580. 1748. -5.776 

0.270 9405. 596. 1750. -5.796 

0.275 9457. 610. 1760. -5.014 

0.200 9419. 629. 1705. -5.031 

0.205 9372. 649. 1006. -5.845 

0.290 9325. G70. 1029. -5.059 

0.295 '269. 694. 11150. -5.1170 

"• ••.:*» /. /in. i inn. 'i.iiiiu 

'114.1. 743. 1 923. •!..|1|U1 

U..IU) 'JUIJ'j. 7b'.« . 1‘1'jJ. -b.U94 

0.315 9031. 785. 1900. -5.099 

0.320 0997. 000. 2001. -5.902 

0.325 B9/9. 006. 2010. -5.903 


0.000 0.00 0.00 0.00 0.00 0 . 

0.000 -19.45 0.05 -7031.71 31.62 0. 

0.001 -56.50 0.23 -4673.74 52.77 0. 

0.003 -65.91 0.57 -172.44 77.75 0. 

0.006 -64.56 0.96 305.54 00.06 0. 

0.012 -61.99 1.37 517.20 03.56 0. 

0.020 -59.39 1.00 519.47 00.15 0. 

0.030 -56.22 2.22 676.50 02.53 0. 

0.042 -52.09 2.03 653.94 01.63 0. 

0.057 -49.60 3.03 629.16 70.24 0. 

0.073 -46.60 3.41 602.70 75.21 0. 

0.091 -43.66 3.70 575.39 74.36 0. 

0.110 -40.78 4.16 577.93 76.67 0. 

0.132 -37.89 4.51 500.14 77.52 0. 

0.156 -34.09 4.92 604.36 74.53 0. 

0.101 -31.90 5.29 500.05 73.59 0. 

0.209 -28.92 5.67 600.24 78.61 0. 

0.230 -25.04 6.07 619.36 02.15 0. 

0.270 -22.75 6.49 615.02 83.25 0. 

0.303 -19.72 6.90 593.03 01.43 0, 

0.339 -16.04 7.20 55U.23 73.49 0. 

0.376 -15.09 7.42 60.16 -33.51 0. 

0.412 -14.77 7.26 64.63 -31.77 0. 

0.448 -14.45 7.10 64.90 -31.90 0. 

0.403 -14.12 6.94 65.16 -32.03 0. 

0.510 -13.79 6.78 65.42 -32.16 0. 

0.551 -13.47 6.62 65.67 -32.20 0. 

0.504 -13.14 6.46 65.91 -32.40 0. 

0.616 -12.00 6.29 67.17 -33.02 0, 

0.647 -12.47 G.13 67.39 -33.13 0 

0.677 -12.13 5.96 67.61 -33.23 0 

0.706 -11.79 5.00 67.00 -33.33 0. 

0.735 -11.45 5.63 68.00 -33.43 0, 

0.763 -11.11 5.46 68.19 -33.52 0. 

0.790 -10.77 5.29 60.36 -33.61 0. 

0.016 -10.43 5.13 60.53 -33.69 0. 

0.041 -10.00 4.96 68.69 -33.77 0. 

0.065 -9.74 4.79 60.05 -33.85 0. 

0.1109 -9.40 4.62 68.99 -33.92 0. 

0.911 -9.05 4.45 G9.12 -33.98 0. 

0.933 -0.71 4.28 69.26 -34.05 0. 

0.954 -0.36 4.11 69.37 -34.10 0. 

0.974 -0.01 3.94 69.47 -34.15 0. 

0.994 -7.66 3.77 69.57 -34.20 0, 

1.012 -7.32 3.60 69.64 -34.24 0, 

1.030 -6.97 3.43 69.70 -34.27 0. 

1.046 -6.62 3.25 69.75 -34.29 0, 

1.062 -6.27 3.00 . 69.79 -34.31 0. 

1.077 -5.92 2.91 69.00 -34.31 0. 

1.091 -5.57 2.74 69.79 -34.31 0. 

1.104 -5.22 2.57 69.77 -34.30 0, 

1.117 -4.B7 2.40 69.70 -34.26 0. 

1.128 -4.53 2.22 69.64 -34.23 0. 

1.139 -4.10 2.05 69.52 -34.10 0. 

1.149 -3.83 1.80 69.36 -34.10 0. 

1.158 -3.48 1.71 69.20 -34.02 0. 

1.166 -3.14 1.54 68.97 -33.91 0. 

1.173 -2.79 1.37 68.70 -33.77 0. 

1.100 -2.45 1.21 60.41 -33.63 0. 

l.jnn -7..1J 1.04 on.or. -3.1.46 0. 

1.100 -1.77 0.07 67.6*1 -33.27 0. 

1.194 -1.4.1 0.70 67.7.9 -33.00 0. 

1.197 -1.10 0.54 66.94 -32.91 0. 

1.200 -0.76 0.30 66.63 -32.75 0. 

1.201 -0.43 0.21 66.39 -32.64 0. 

1.202 -0.10 0.05 66.29 -32.59 0. 


TABLE 13 
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41 

UUAiitPEU. FCH.w^PHTJXlH203QE20. Cri; 1 


BEST AVAILABLE COPY 

42 


OHCOEF « IS.00 Q.E. ■ 20.00 lUEUREES) 

TIME HP FTRACK F-FLOAT_Y U . Z VU V2 AU AZ 


0.000 1411. 4009. 

0.005 44274. IJ319. 

0.010 7333*. 11170. 

0.015 90095. 14510. 

0.07.0 99953. 14929. 

0.025 100200. 15310. 

0.030 100070. 15952. 

0.035 97660. 157.44. 

0.040 94104. 15)40. 

0.045 90293. 14823. 

0.050 06209. 14451. 

0.055 02151. 14295. 

0.060 81604. 14600. 

0.065 814/5. 14909. 

0.070 79940. 14749. 

0.075 77322. 14622. 

0.000 70275. 15262. 

0.005 70093. 16011. 

0.090 77444. 16441. 

0.095 73795. 16349. 

0.100 GUI33. 15936. 

0.105 28953. 13071. 

0.110 9026. 673. 

0.115 9061. 681. 

0.120 9094. 689. 

0.125 9127. 697. 

0.130 9159. 704. 

0.135 9109. 712. 

0.140 9220. 644. 

0.145 9248. 651. 

0.150 9277. 658. 

0.155 9304. 665. 

0.160 9329. 673. 

0.165 9356. 679. 

0.170 9300. 686. 

0.175 9404. 692. 

0.100 9427. 698. 

0.185 9447. 704. 

0.190 9471. 710. 

0.195 9492. 715. 

0.200 9512. 720. 

0.205 9532. 725. 

0.210 9550. 732. 

0.215 9569. 735. 

0.220 9504, 740. 

0.225 960«, 745. 

0.230 961S*- 749. 

0.235 9625. 755. 

0.240 9639. 759. 

0.245 9649. 764. 

0.250 9650. 769. 

0.255 9G65. 774. 

0.260 9667. 780. 

0.265 9674. 785. 

0.270 9673. 792. 

0.275 9671. 790. 

0.280 96G7. 005. 

0.285 9652. 815. 

0.230 9643. 023. 

0.295 9621 . (136. 

II. Jim Tjll'l. IJ'jO. 

0.305 '166(1, 1165, 

11.310 !l!.06, IIMl,. 

0.315 94 311. 913. 

M.J20 \Ubb. 941. 

0.325 9209. 977. 

0.330 9161. 1017. 

0.335 906G. 1052. 

0.340 9008. 1073. 


9209. 0.000 0.000 0. 

10267. -0.032 0.000 -19. 
24253. -0.232 0.001 -56. 
30143. -0.54U 0.003 -65. 
30665. -0.8/4 0.006 -64. 
30805. -1.189 0.012 -61. 
31191. -1.491 0.020 -59. 
29766. -1.779 0.030 -55. 
20969. -2.050 0.042 -52. 
2/913. -2.304 0.056 -49. 
26796. -2.543 0.0/2 -46. 
25932. -2.766 0.0B9 -43. 
25950. -2.975 0.109 -40. 
25069. -3.169 0.130 -37. 
25092. 3.349 0.153 -34. 

24373. -3.515 0.17B -31. 
24677. -3.665 0.204 -20. 
25022. -3.001 0.233 -25. 
24854. -3.922 0.263 -22. 
23966. -4.020 0.295 -19. 
22595. -4.120 0.328 -16. 
10423. -4.190 0.364 -14. 
4047. -4.270 0.399 -14. 
4813. -4.341 0.434 -13. 
47/9. -4.UO 0.468 -13. 
4746. -4.478 0.501 -13. 
4714. -4.544 0.534 -13. 
4603. -4.609 0.566 -12. 
4500. -4.672 0.597 -12. 
4551. -4.734 0.627 -12. 
4523. -4.795 0.657 -11. 
4495. -4.054 0.606 -11. 
4468. -4.911 0.714 -11. 
4442. -4.967 0.741 -11. 
4417. -5.021 0.760 -10. 
4392. -5.074 0.794 -10. 
4360. -5.125 0.019 -10. 
4345. -5.175 0.844 -9. 

4323. -5.224 0.860 -9. 

4301. -5.270 0.891 -9. 

4280. -5.315 0.913 -B. 

4260. -5.359 0.934 -8. 

4242. -5.401 0.955 -0. 

4222. -5.442 0.975 -7. 

4204. -5.401 0.994 -7. 

4188. -5.518 1.012 -7. 

4171. -5.554 1.030 -7. 

4150. -5.500 1.047 -6. 

4143. -5.621 1.063 -6. 

4130. -5.652 1.078 -6. 

4118. -5.602 1.093 -5. 

4107. -5.710 1.107 -5. 

4098. -5.73G 1.120 -5. 

4009. -5.761 1.132 -4. 

4003. -5.784 1.143 -4. 

4077. -5.006 1.154 -4. 

4073. -5.026 1.164 -3. 

4073. -5.844 1.173 -3. 

4072. -5.861 1.181 -3. 

407G. -5.1)77 1.109 -2. 

4003. -5.090 l 195 -2. 

409.'.. -5.90:1 l.,*0) -2. 

4100. -5.913 1.207 -1. 

4131. -5.922 1.211 -1. 

4156. -5.930 1.215 -1. 

4191. -5.936 1.210 -1. 

1230. -5.940 1.220 -0. 

4265. -5.943 1.222 -0. 

4286. -5.945 1.222 -0. 


00 0.00 0.00 0.00 
47 0.05 -7020.60 31.50 

40 0.23 -46G2.35 52.71 

02 0.57 -155.03 77.40 

3* 0.96 401.29 00.11 

74 1.36 531.06 82.45 

00 1.70 531.17 06.59 

B5 2.19 605.60 80.62 

49 2.60 660.37 79.07 

25 2.90 633.16 75.91 

16 3.35 604.52 72.32 

21 3.71 575.07 70.33 

35 4.06 573.45 72.10 

40 4.43 574.01 73.06 

52 4.70 596.62 70.01 

57 5.13 579.53 67.01 

67 5.47 590.44 70.60 

60 5.03 600.09 73.01 

69 6.21 595.19 74.40 

7G 6.57 574.15 71.15 

97 6.91 530.37 65.26 

62 7.10 240.15 55.65 

26 7.01 56.95 -20.00 

906.07 57.23 -20.13 

69 6.73 57.49 -20.26 

40 6.59 57.76 -20.39 

11 6.45 50.02 -20.52 

02 6.30 58.26 -20.64 

53 6.16 59.53 -29.26 

23 6.01 59.76 -29.37 

93 5.06 59.90 -29.49 

63 5.72 60.20 -29.59 

33 5.57 60.40 -29.69 

02 5.42 60.61 -29.80 

72 5.27 60.00 -29.89 

42 5.12 60.99 -29.90 

11 4.97 61.10 -30.07 

01 4.82 61.35 -30.16 

50 4.67 61.53 -30.25 

19 4.52 61.69 -30.33 

00 4.37 61.85 -30.41 

57 4.21 62.01 -30.40 

26 4.06 62.14 -30.55 

95 3.91 62.30 -30.63 

64 3.75 62.43 -30.69 

33 3.60 62.54 -30.75 

01 3.45 62.67 -30.01 

70 3.29 62.76 -30.05 

38 3.14 62.B7 -30.91 

07 2.98 62.95 -30.95 

76 2.83 63.03 -30.90 

44 2.67 63.10 -31.02 

12 2.52 63.13 -31.04 

01 2.36 63.19 -31.06 

49 2.21 63.19 -31.07 

18 2.05 63.20 -31.07 

06 1.90 63.19 -31.06 

54 1.74 63.11 -31.02 

23 1.59 63.06 -31.00 

91 1.43 62.93 -30.94 

60 1.20 62.75 -30.05 

29 1.12 62.50 -30.75 

97 0.97 62.24 -30.60 

60 0.02 61.03 -30.39 

36 0.67 61.30 -30.17 

05 0.57. 60.79 -29.08 

75 0.37 60.12 -29.55 

45 0.22 59.53 -29.2G 

15 0.08 59.17 -29.09 



TABLE 14 





5 , 210,370 


BEST AVAILABLE COPY 

44 


43 


.UUA11 CFEl 2. FOt. PPTRPRTJXIPIHFQEOO, CPI; 1 
ORCOEF > 14.40 Q.E. - 0.00 (UtSUREES) 


1'IHE RP FTRACK F-l 

0.000 0. 43'JO. 

0.005 62799. 10019. 

0.010 U4040. 13004. 

0.015 9947.0. 15273. 

0.020 102061. 16259. 

0.025 103394. 16565. 

0.030 102400. 16765. 

0.035 100192. 16696. 

0.040 96669. 16465. 

0.045 92B42. 16072. 

0.050 08775. 15769. 

0.055 05602. 15493. 

0.060 U5492. 15966. 

0.065 64375. 16124. 

0.070 02219. 16217. 

0.075 01975. 16005. 

0.000 U36B4. 10023. 

0.005 83104. 10653. 

0.090 79907. 18913. 

0.095 74130. 18531. 

0.100 30691. 15996. 

0.105 9117. 279. 

0.110 9153. 200. 

0.115 9107. 297. 

0.120 9222. 306. 

0.125 9255. 315. 

0.130 9207. 323. 

0.135 9310. 332. 

0.140 9340. 340. 

0.145 9370. 340. 

0.150 9405. 355. 

0.155 9433. 362. 

0.160 9459. 370. 

0.165 9484. 377. 

0.170 9509. 384. 

0.175 9530. 255. 

0.100 9554. 261. 

0.105 9574. 267. 

0.190 9594. 274. 

0.195 961.3. 280. 

0.200 9630. 2BG. 

0.205 9647. 292. 

0.210 9659.-- 299. 

0.215 9674.-V 305. 

0.220 9684.-3* 310. 

0.225 9694.-i 317. 

0.230 9701. . 324. 

0.235 9705. 331. 

0.240 9710. 338. 

0.245 9706. 347. 

0.250 9706. 354. 

0.255 9697. 364. 

0.260 9685. 374. 

0.265 9669. 385. 

0.270 9639. 402. 

0.275 9614. 415. 

0.280 9572. 434. 

0.2D5 9516. 458. 

0.290 9457. 481. 

o, 27 r . •>:)//. r.i:i. 

11.31)0 92110. 

<i.:i()!i <i| mi, Mi!,. 

0.310 9096. 619. 

0.315 9025. 645. 

-0.320 8995. 656. 


•LOATJf U Z VU 

9335. 0.000 0.000 0.00 
3133. -0.0J4 0.000 -24.66 
2201. -0.2/2 0.001 -63.31 
1392. -0.607 0.003 -07.09 
1469. -0.942 O.OOU -66.11 

1295. -1.266 0.014 -63.30 
1271. -1.570 0.023 -60.32 
1210. -1.069 0.034 -57.00 

1230. -2.145 0.047 -03.53 
1142. -2.404 0.062 -50.19 
1223. -2.647 0.000 -46.9$ 
1146. -2.074 0.099 -43.70 
1162. -3.005 0.120 -40.56 
1045. -3.280 0.144 -37.34 
1075. -3.459 0.169 -34.17 
1195. -3.622 0.196 -31.OG 
1202. -3.769 0.220 -27.06 
1112. -3.900 0.257 -24.61 
1154. -4.010 0.290 -21.39 
1093. -4.114 0.326 -10.29 
9056. -4.199 0.364 -15.65 
1739. -4.276 0.402 -15.24 
1693. -4.351 0.439 -14.91 
1648. -4.425 0.475 -14.58 
1604. -4.497 0.510 -14.24 
1562. -4.567 0.545 -13.91 
1520. -4.636 0.579 -13.57 
1400. -4.703 0.612 -13.23 
1441. -4.768 0.644 -12.U9 
1403. -4.032 0.675 -12.55 
1366. -4.094 0.705 -12.20 
1330'.’ -4.954 0.735 -11.86 

1296. -5.012 0.764 -11.52 
1263. -5.069 0.792 -11.17 

1231. -5.124 0.B19 -10.02 

1097. -5.177 0.045 -10.47 
1067. -5.229 0.070 -10.11 
1039. -5.278 0.895 -9.75 

1013. -5.326 0.918 -9.39 

907. -5.372 0.941 -9.03 

964. -5.416 0.962 -8.67 

941. -5.459 0.983 -0.31 

921. -5.499 1.003 -7.95 

901. -5.530 1.022 -7.58 

003. -5.575 1.041 -7.22 

867. -5.611 1.050 -6.B6 

853. -5.644 1.074 -6.49 

040. -5.675 1.090 -6.13 

B29. -5.705 1.104 -5.76 

824. -5.733 1.118 -5.40 

816. -5.759 1.131 -5.03 

814. -5.783 1.143 -4.67 

814. -5.806 1.154 -4.30 

818. -5.826 1.164 -3.94 

031. -5.845 1.173 -3.57 

042. -5.002 1.182 -3.21 

863. -5.077 1.189 -2.05 

094. -5.091 1.196 -2.49 

926. -5.902 1.201 -2.13 

-5,113 1.7.06 -1.77 

1031. -i».920 1.210 -1.42 

-5.*J2b 1.213 -1.07 
1141. -5.931 1.215 -0.72 

1184. -5.933 1.217 -0.37 

1202. -5.934 1.217 -0.03 


VZ AU AZ 

0.00 0.00 0.00 0 . 

0.07-10074.72 42.26 0. 

0.29 -4125.00 64.02 0. 

0.66 232.06 U1.01 0. 

1.00 403.99 87.94 0. 

1.52 556.90 09.65 0. 

1.97 650.63 90.44 0. 

2.42 706.83 09.11 0. 

2.06 681.91 06.53 0. 

3.20 654.75 02.69 0. 

3.69 625.89 79.50 0. 

4.07 644.33 76.42 0. 

4.46 645.00 70.50 0. 

4.06 639.96 78.35 0. 

5.25 626.79 77.58 0. 

5.64 629.06 80.61 0. 

6.05 647.75 86.30 0. 

6.49 650.33 88.05 0. 

6.93 634.50 86.60 0. 

7.35 599.61 80.26 0. 

7.69 270.01 67.47 0. 

7.49 66.32 -32.60 0. 

7.33 66.61 -32.74 0. 

7.17 66.09 -32.00 0. 

7.00 67.16 -33.02 0. 

6.04 67.42 -33.14 0. 

6.67 67.68 -33.27 0. 

6.50 67.93 -33.39 0. 

6.34 60.10 -33.51 0. 

6.17 68.41 -33.63 0. 

6.00 68.64 -33.74 0. 

5.83 68.86 -33.05 0. 

5.66 69.07 -33.95 0. 

5.49 69.27 -34.05 0. 

5.32 69.46 -34.15 0. 

5.15 71.49 -35.14 0. 

4.97 71.67 -35.23 0. 

4.79 71.84 -35.32 0. 

4.62 71.99 -35.39 0. 

4.44 72.15 -35.47 0. 

4.26 72.29 -35.54 0. 

4.08 72.43 -35.60 0. 

3.91 72.53 -35.G6 0. 

3.73 72.65 -35.71 0. 

3.55 72.75 -35.76 0. 

3.37 72.83 -35.80 0. 

3.19 72.90 -35.83 0. 

3.01 72.95 -35.06 0. 

2.03 73.00 -35.00 0. 

2.65 72.99 -35.80 0. 

2.47 73.01 -35.09 0. 

2.29 72.97 -35.07 0. 

2.11 72.92 -35.85 0. 

1.94 72.04 -35.81 0. 

1.76 72.65 -35.72 0. 

1.58 72.52 -35.65 0. 

1.40 72.26 -35.52 0. 

1.22 71.93 -35.36 0. 

1.05 71.57 -35.10 0. 

O.UV 71.07 -34.94 0. 

0.70 70.47 -34.64 0. 

0.53 69.91 -34.37 0. 

0.35 69.34 -34.OB 0. 

0.18 60.69 -33.07 0. 

0.02 66.71 -33.78 0. 


TABLE 15 
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BEST AVAILABL^COPY 


45 

JJUAl»CFEI2. FCR. **_-£PRTJXlHi 19QE00.CFi;1 

URCUEP « 14.40 g.E. - 0.00 (DEGREES) 

T1HE HP FTRACK F-FL0AT_Y U Z VU VZ AU AZ 


0.000 0. 4330. 
0.005 25191. 6090. 
0.010 44619. 8605. 
0.015 59141. 1057B. 
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Referring now to FIGS. 29 and 30, there is shown a 
lightweight towed 155 millimeter Howitzer 310 incor¬ 
porating a third embodiment of the stabilizing system of 
the invention. Howitzer 310 also comprises a carriage 


curely attached to the cannon tube at the three o’clock 
and nine o’clock positions looking towards the muzzle. 
Two slidable runners, pivotably mounted to the cradle, 
one on the left side and one on the right side would 


assembly 312, wheels 14 and 16, and trails 18 and 20. A 5 interface with the straight rails, permitting longitudinal 


cradle assembly 322 having left and right sides 324 and 
326 and modified according to the third embodiment of 
the invention as will be described in greater detail here¬ 
inafter is pivotally mounted on carriage assembly 312. 


Cradle assembly 322 is pivoted up and down by left and 10 mounted to the cradle. 


recoil motion and a simultaneous rotation about the 
center of rotation of the pivoted runners. Equally, the 
pivotable runners could be securely mounted to the 
recoiling cannon assembly and the straight rails 


right pistons 28 and 30. The third embodiment of the In an alternative arrangement as illustrated in FIGS, 
invention is similar to the embodiment shown in FIGS. 33a and 336, the curvilinear tracks 464a and 4646 are 

8 - 11 , insofar as the campaths are provided on the can- positioned on the cradle assembly 422, while a single 

non assembly and the cam followers are provided on roller assembly 454 is attached to cannon assembly 32. 

the cradle assembly. As in the previously described 15 The recoil system of the third and fourth embodi- 
embodiments, a curved set of tracks is used to constrain ments of the invention consists of one subsystem which 
the recoil path of the recoiling parts. provides a predictable and controllable deceleration of 

Cannon assembly 32, cradle assembly 322, and recoil the recoiling parts, and a second subsystem which stores 

mechanism assembly 34, 36 define the elevating mass of a P 01 " 1 ' 011 of the recoil energy and utilizes this stored 
Howitzer 310. Cannon assembly 32, cradle assembly 20 energy to return the recoiling parts to their initial prefir- 
322, recoil mechanism assembly 34, 36, and upper car- ^8 position. 

riage 312a define the traversing mass of Howitzer 310. The magnitude of the retarding force generated by 
Cannon assembly 32 and recoil mechanism assembly 34, the re coil cylinders (or buffers) must at all times bear a 
36 define the recoiling mass of Howitzer 310. specific relationship to the shape of the curvilinear 

As shown in FIGS. 29-31, a single pair of curved 25 tracks ‘ ™ s Specif !f. relationsh )P ^sults from the appli- 
campaths or tracks 364a and 3646 are positioned one on ?! ** ear ^ bae " rec °'l technique, as described 

the left side and one on the right side of cannon assem- “ ^ above ‘ An eSSen !' al feature y of recoJ s y stems f 

bly 32. Left and right tracks 364a and 3646 are secured T “ l cur y ,hnear a PP llcat) ons » that of 

to cannon assembly 32 by suitable structural parts, such * ° r , In suge one > the initial portion of 

as track support collars 372 which also provide support 30 f f re ^ dat,on 

and location for the cylinders of the recoil mechanism ^ * ‘ he r ~°tlmg Parts. At the end of stage one 
34 3£ recoil, the recoiling parts have been slowed to a fraction 

. . of their maximum rearward velocity, and have acquired 

The tracks 364a and 3646 are fabricated with a cer- an upward velocity. In stage two recoil, the retardation 
tain unique curve whose shape is determined according 35 of the rcC oil buffer is reduced to a low value. By the end 
to the Precepts of the Curvilinear Recoil technique. D f stage two recoil, the recoiling parts have been 
Left and right racks 364a and 3646 interact with a brought to rest in both the vertical and horizontal senses 
srngle pair of roller assemblies 354, the right roller • as- b y the combined action of the recuperator (which is 
sembly 354 being shown in FIG. 32. Each track 364 absorbing recoil energy throughout the recoil stroke), . 
mteracts with a respective roller assembly 354 which is 40 gravity, and the small residual braking action of the 
mounted on the side of cradle assembly 322. In the reco il buffer. The recoiling parts are then returned to 
mum!, or m battery, position of Howitzer 310 as their initial prefiring position by the action of the recu- 
shown m FIG. 30, the position of roller assemblies 354 perator 

is towards the extreme rear (i.e., the breech end) of A ny convenient arrangement can be employed for 
tracks 364<i and 3646, respectively. When the recoiling 45 the configuration of the recoil mechanism assembly, 
parts move to the rear (i.e towards the breech end) provided that the recoil buffer is designed to generate 
under he firing impetus, the interaction of the roller the required retardation force-time and force-distance 
assemblies 354 and their respective tracks 364 causes the curves . One such arrangement is illustrated in FIGS, 

breech end of the recoiling mass to be displaced up- 34* 346, 34c and 344 in which two recoil cylinders 34' 

wards with respect to its original orientation. 50 and two recuperator cylinders 36' are disposed symmet- 

Forward support for the recoiling mass is provided rically about the cannon tube axis such that the resultant 
by a pivoting sliding interface 380, represented in FIG. retardation force (excluding gravity components) lies 

31a as a bushing 380a mounted in a spherical seat 3806. along the tube axis. At the rear, or breech, end the 

This seat 3806 is part of the forward crosspiece of cradle recoiling portion of the recoil mechanism is securely 

assembly 322. During recoil motion, the recoiling parts 55 attached to the recoiling parts. At the forward end, the 
are constrained to pivot about the interface 380 while non-recoiling portion of the recoil m«4i a ni«n is at- 
the rear end of the recoiling parts is displaced upwards tached to the structure which contains the bushing 380c 
by the interaction of tracks 364 and their respective through which the tube slides during recoil, 
roller assemblies 354. The pivoting sliding interface 380 When the weapon is fired, the recoiling parts are 
can be formed by any suitable alternative mechanical 60 accelerated rearward by a force resulting from the reac- 
arrangement which provides constraint in the vertical tion to the acceleration of the projectile in the forward 
and side-to-side directions, while permitting rotation direction. The path of the center of mass of the recoiling 
about a pivot point and the sliding motion required parts is guided by the pivoting sliding interface at the 
during recoil. One such suitable alternative could em- forward extremity of the cradle assembly 322 or 422 and 
ploy two straight rails positioned parallel to the prefir- 65 by the interaction of the roller assemblies 354 or 454 and 
ing longitudinal axis of the tube, one on the left side and the curvilinear tracks 364 or 464 which form the rear- 
one on the right side of cannon assembly 32, and se- most support point. 
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During the time that the projectile is still within the 
bore of the cannon tube during firing the recoiling parts 
are caused to move in a straight line, maintaining the 
initial prefiring orientation of the cannon tube. This aids 
in accuracy and is ensured by providing an initial 5 
straight section of track. After departure of the projec¬ 
tile from the muzzle, which corresponds in the example 
cited to a longitudinal recoil motion of about six inches 
of the recoiling parts, the rollers enter a section of 
tracks curved so as to cause an upward displacement of 10 
the recoiling parts center of mass with the recoiling 
parts simultaneously rotating about the pivoting sliding 
interface at the forward end of the cradle. 

The shape of the curvilinear tracks is determined by 
application of the curvilinear technique so that the force 15 
generated between the tracks and the rollers, together 
with the reaction forces at the cradle interface, pro¬ 
duces a net downward reaction force on the cradle. The 
moment of this force about the trail ends 18 plus the 
moment of the static weight of the weapon about the 20 
trail ends 18 is required to be greater than the moment 
of the retarding force of the recoil mechanism about the 
trail ends 18. When this condition is fulfilled, the 
weapon will not exhibit any tendency towards instabil¬ 
ity, that is to rotate upwards about the trail ends 18. 25 

The curvilinear force generated between the tracks 
and the rollers is a function of the instantaneous recoil 
velocity, the slope and the rate of change of slope of the 
tracks at the contact point between the rollers and the 
tracks with respect to the initial tube axis orientation. 30 
Since the recoil velocity of the recoiling parts is contin¬ 
uously diminishing throughout recoil under the braking 
action of the recoil mechanism, it follows that an essen¬ 
tially constant value of the curvilinear force requires a 
gradually increasing rate of change of slope of the 35 
tracks. If this slope is too shallow, the resultant curvilin¬ 
ear force will be insufficient to produce a stable 
weapon. If the slope is too steep, the weapon will be 
stable, but the recoiling parts will be given an upward 
velocity vector which is too great. This latter effect, as 40 
is made clear shortly, will produce instability towards 
the end of the recoil stroke. 

At the end of stage one recoil, the velocity of the 
recoiling parts in the direction of recoil has been re¬ 
duced to a fraction of its maximum value. However the 45 
center of mass of the recoiling parts has acquired also a 
velocity component upwards at the right angles to the 
initial tube axis orientation. In addition, the center of 
mass of the recoiling parts is rotating about the center of 
rotation of the pivoting sliding interface at the forward 50 
end of the cradle, following a path whose radius of 
curvature is increasing. Both the vertical velocity and 
the rotational velocity of the recoiling parts must be 
returned to zero by the end of the recoil stroke. 

This is accomplished during the stage two portion of 55 
recoil by the following means: 

(i) causing the retardation force applied by the recoil 
buffer to be reduced to a very low value and 

(ii) shaping the curvilinear tracks so that as the recoil „ 
stroke continues, the interaction of the rollers and 
the tracks causes a downward force to be exerted 
on the recoiling parts. 

The combined action of the recuperator, the small 
residual buffer force and gravity effects bring the recoil- 
ing parts to rest by the end of the recoil stroke. Stage 
two produces a net upward force on the cradle. How¬ 


ever, the combined moment about the trail ends of the 
braking forces plus the stage two curvilinear forces is 
designed to be less than the moment of the static weight 
about the trail ends. Thus the weapon remains stable 
throughout stage two recoil, and hence throughout the 
entire firing cycle. If the slope of the track in stage one 
of recoil is too steep, the recoiling parts will have at¬ 
tained an excessive upward velocity by the end of stage 
one, requiring application of a large downward force in 
order to arrest the upward motion by the end of stage 
two. In this event, the combined moment about the trail 
ends of the braking forces plus the excessive stage two 
curvilinear forces may exceed the moment of the static 
weight about the trail ends, resulting in instability, or 
lifting of the weapon. 

While both the first and second embodiments of the 
invention and the third and fourth embodiments of the 
invention employ the curvilinear recoil technique to 
generate supplementary down forces to stabilize the 
weapon during the period of high recoil loads, there are 
fundamental differences in the devices employed and 
the manner in which the stabilizing forces are gener¬ 
ated. 

In the first and second embodiments of the invention, 
the recoiling mass is supported by two sets of roller 
assemblies running in two sets of curvilinear tracks, 
positioned one forward of and one aft of the center of 
mass of the recoiling parts. As a result, during recoil 
motion the recoiling parts are displaced rearward and 
upward as dictated by the shape of the tracks, maintain¬ 
ing their longitudinal axis at all times parallel to the 
initial prefiring orientation. 

In contrast, in the third and fourth embodiments of 
the invention, a single set of curvilinear tracks is posi¬ 
tioned aft of the center of mass of the recoiling parts. A 
pivoting, sliding interface supports the recoiling parts at 
the forward end of the cradle, permitting the recoiling 
parts both to slide through as required by the recoil 
function and to pivot as dictated by the interaction of 
the rollers with the single set of curvilinear tracks. This 
motion is depicted in FIG. 35 and may be contrasted 
with the motion of the recoiling parts as described with 
respect to the first and second embodiments of the in¬ 
vention and as shown in FIG. 1. 

The computations required to define the shape of the 
curvilinear tracks of the third and fourth embodiments 
of the invention are fundamentally different from those 
required to define the shape of the curvilinear tracks of 
the first and second embodiments, since they must ad¬ 
dress the rotation of the recoiling parts during the recoil 
motion. Account must be taken of the inertia of the 
recoiling parts, the location of the center of mass of the 
recoiling parts, and the rotational as well as transla¬ 
tional velocity of the recoiling parts. 

The dynamic analysis of the third and fourth embodi¬ 
ment of the stabilizing system of the invention is based 
on a planar model of rigid bodies. There are two station¬ 
ary bodies-cradle and carriage, and one recoiling body- 
cannon. 

The first fixed body (cradle) elevates the gun tube by 
rotating about the trunnions, while the carriage remains 
fixed in ground contact. Ideally during the firing cycle, 
no motion occurs between the cradle and the carriage 
therefore only the cannon’s motion will be considered. 
The cradle and carriage ar accounted for when consid¬ 
ering the overall system stability. 
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The general gun configuration is shown diagrammati- 
cally in FIG. 36. There are three coordinate systems 
associated with the cannon model. The first is a ground 
fixed system centered at the rear trail pad contact with 
ground, and its directions are horizontal from trail to 5 
muzzle, and vertical upwards. It is regarded as a global 
coordinate system. Displacements, velocities and accel¬ 
erations referred to this system contain (X,Y) for hori¬ 
zontal and vertical values respectively. The second 
coordinate system is centered at the trunnion and ele- 10 
vates with the cradle. When the cradle is not elevated 
this coordinate system is parallel to the global (X,Y) 
system. Variables referred to in this local system are 
identified with a (U,Z) appended. The third coordinate 
system is fixed always at the cannon center of mass and 15 
rotates with the cannon. It is parallel with the global 
system when the cannon is unelevated and “in-battery”. 
Variables referred to in this local system are identified 
with (E,F) appended. 

The cannon slides through its front support and ro- 20 
tates in it as the rear of the cannon follows the fixed 
track path. A dynamical description of its motion there¬ 
fore requires three degrees of freedom: two translations 
and a rotation, each interacting with the others. The 
impetus for its motion will come not only from forces 25 
but also torques acting on the cannon. All torques on 
the cannon will be defined with respect to the tube 
center of gravity. To describe the methods used in ana¬ 
lyzing the motion of this variant of the curvilinear recoil 
system, we establish some notation and other prelimi- 30 
naries. 

Displacements, velocities, accelerations and forces 
are two dimensional vector quantities. Directions are 
represented by unit vectors *,y;u,z;e,f; see FIG. 36. k 
represents a unit vector normal to the plane containing 35 
(k,y), (u,z) or (e,f) and it forms a Cartesian triad with 
any of the planar set. 

A general vector, X, is represented as follows: 


52 

and 6 to represent the cannon s rotation with respect to 
its in-battery position. All transformations between unit 
vectors can be obtained using the following: 


5=Cos QE jf+Sin QE y (21) 

z= - Sin QE x+Cos QE y (22) 

?=Cos9C+SinSr (23) 

/=—SinSi?+Cos&? (24) 


Essential points used to describe the cannon’s posi¬ 
tion and orientation relative to the trunnion are illus¬ 
trated vectorially in FIG. 39. They are: 

(1) Track’s initial roller position, 

(2) Pivot position, ^2 t 

(3) Cannon center of mass, ^3 

(4) Roller position, 

(5) Apparent rotated roller position, ^5 

Track’s initial roller position displacement, 
B=ee+ft. 

The magnitude of the scalars e,f are the track run 
along the cannon and its rise perpendicular to it. Posi¬ 
tions 1-5 (see FIG. 38) are written below in terms of 
their in-battery configuration values and the displace¬ 
ment D. Let SS be the projected distance from roller to 
pivot along the cannon centerline, i .e.: 


- (26) 

SS = N l(HT2 - HTl) 2 + VTl 2 - (F71 _ tf] 

Then, relative to the trunnion, 

Roller position, =HTl 0+VT1: (27) 


T=A x x+A y y=A u u+A z 2=A f e+Af (17) 40 

where A*, A y ; A u , A z ; A e , A/are scalar quantities. 

Two vector products are used; they are the dot prod; 
uct and cross product. Given two vectors X and I) 
where 45 


Track’s initial roller position, 


Pivot position, 


T=A t e+A/ 


(18) 


%=HTlu=% +(SS-<r)f- VTif 


Ti= b£+B jf 


(19) 50 Roller relative to pivot, 


The dot product X with 5 is represented as XU 
where 


%-%= -SSe+(VT\ -fif 


(28) 


(29) 


TT?+B'.A~=AiB'+AjBf 


(20) 55 Apparent rotated roller position relative to pivot, 


^The cross product of X with If is represented as X$-%=(HTi-HT2)t+imf (31) 

AxB where 


~Ay.B*= (21) 

The length of a vector X is represented by \X | 

One dot over a letter indicates its first time derivative, 
while two dots indicate its second time derivative. 

We use QE to represent the cradle’s angle of rotation 
(quadrant elevation) with respect to the global x axis, 


60 Cannon center of gravity, 

+(HCGR-HT\)e+(VCGR-VTiy (32) 

Equations (30) and (31) are used to define trigonomet¬ 
ric functions of the cannon’s rotation angle. Thus: 





53 
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Vi F=(HCGR-HT1 +e-SS)6 


Z -%) (%-%) 

iZ-Zi iZ-fii 

= SS<HT2 - HTl) + VTKVTl - f\ 
(HTl - HTl) 1 + VTX 1 


(33) 


AlE=(e-SS- VCGR6) — (HCGR—HT- 
1 +e-SS)0 1 


(44) 


(45) 


<Z - %) 


(Z - x 2 ) t 

\x s -x 2 \ k 


= ss vn + (vn - n (Hn - htd 
(.HT l - HTlf + vn 2 


(34) 


10 


Equations (21)—(34) above are used to define the can- 15 
non’s orientation and displacement, as well as its veloc¬ 
ity and acceleration through the time derivative of the 
center of gravity vector X3 (equation 32). 

Any resulting cannon motion is produced by driving 
forces as well as constraints on its motion. The cannon 20 
is supported both by the pivot through which it slides, 
and the rollers which follow a curved track fixed to the 
cannon. Braking action is supplied by a recoil brake and 
to a smaller extent by the recuperator. Gas propellant 
pressure acting at the breech supplies the driving force 25 
and the weight supplies a conservative force through 
the center of gravity. These forces and their application 
points are illustrated in FIGS. 37 and 38. Their vectorial 
representation in the cannon fixed coordinate system 
(e,f) follows: 30 


A2F=(HCGR—HT\ +e-SS)6 + (- 
2(e-SS)-VCGReye (46) 


These are velocities and accelerations as seen in the 
cannon fixed coordinate system. 

From the geometric relations—equations (33), 
(34)—we obtain the angular velocity and acceleration: 


(47) 

(48) 


(49) 


-S* s2 s f 50 ) 



Force 

Point of action relative 
to cannon C.G. 


Propellant gas: 
Recoil brake: 
Recuperator: 
Track force: 
Pivot force: 
Recoil weight: 

IMPE6 

RBEe + RBF? 
RCEe + RCFf 
T1E6 + TIFf 
T2Ee + T2Ff 
-WRy 

(HGA - HCGR)6 - VCGRf 
(HRB1 - HCGR)8 + (VRB - VCGR)f 
(HCR1 - HCGR)? + (VCR - VCGR)f 
(HTl - HCGR)e + (VT1 - VCGR)f 
HT2u - X 3 

9 

(35) 

(36) 

(37) 

(38) 

(39) 

(40) 


The cannon is viewed as a free rigid body moving 
under the influence of these forces. An application of 
Newton’s laws of motion to all parts of the cannon 
results in three equations of motion for the three de¬ 
grees of freedom of the cannon. They are the two trans¬ 
lational equations depending on the net force and one 
rotational equation depending on the torque produced 
by these forces about the center of gravity. 

The velocity, V3 and acceleration, £3 of cannon cen¬ 
ter of gravity are given by the first and second time 
derivatives of equation (32) respectively, i.e. 55 


-» i* 

T3 = -jj- = X 3 = V3 Ee + ViFf 


_» „ (42) 

A 3 = -jp- = V) = A2Ee + AlFf , 

where 

V3E=i-SS-VCGR8 (43) 


45 Equation (45) above introduces the centrifugal acceler¬ 
ation: 

-(HCGR-HTl +e-£S)0 2 (51) 

50 where the radius R=(HCGR-HTl+e-SS) is the 
center of gravity to pivot distance. 

Equation (46) introduces a Coriolis type term: 

2(e-SS>e (52) 


as well as a centrifugal contribution 

- VCGR8 1 (53) 

60 

to the angular motion of the cannon. Expression, SS—e, 
in equation (52) is the radial velocity of recoil. Equa¬ 
tions (51)—(53) are accelerations experienced in the can- 
65 non fixed coordinate system. 

Stability of the gun system exists when no motion 
occurs in the cradle/carriage. Thus the forces acting on 
this system resulting from the cannon recoil and ground 
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reactions produce no translation or rotation. With an 
adequate spade system planted into the ground, enough 
ground reaction can be established to prevent any trans¬ 
lation of the system. If a -net positive moment (relative 
to the out of plane normal, t; i .e. a counter clockwise 
moment) exists, then the gun system front end will lift 
from the ground. We design our system to forestall this 
possibility. Net clockwise moments (excess stabilizing) 
result in a positive ground reaction at the forward plat¬ 
form. 

Because clockwise moments imply a stable system, 
our goal is to maintain a clockwise moment on the crad¬ 
le/carriage system throughout the recoil cycle. This 
condition is satisfied if the vertical ground reaction on 
the firing platform (R2Y) remains positive. 

We set the amount of stability we require through a 
value for the ground reaction (R2Y) and design a track 
path to produce the required dynamic support forces 
thus yielding this ground reaction. The derivation of a 
stability criterion follows. 

Let the point of action of the cannon forces relative 
to the cannon center of gravity as defined by equations 
(35)- (40) be represented by the following vectors: 


Point of action 
relative to cannon C.G. 

Propellant gas action: 

REIMe + RFIMf 

(54) 

Recoil brake force: 

REBMe + RFBMf 

(55) 

Recuperator force: 

RECMe + RFCMf 

(56) 

Track force at roller: 

REIMe + RFIMf 

(57) 

Pivot force on cannon: 

RE2M8 + RF2Mf 

(58) 


Stability considerations are addressed by considering 
the moment equation for the cradle/carriage system. „ 
Taking these moments about the global origin at the 3 
trail rear, we require vector from this global origin to 
the application point of all the forces on the free body 
system comprising the cradle and carriage. Applying 
Newton’s third equation of equal and opposite reaction ^ 
between cannon and cradle/carriage, we represent 
these vectors as follows: 


MR 

A3E=IMPE+RBE+RCE+WRE+T)E+J2E (67) 

MR A3F= RBF+ RCF+ WRF+ 1\F+ T1F (68) 


18 = (R£1M 71 F - RFIM TIE) (69) 

+(RE2M T1F - RFIM TIE) 

+(REBM RBF - RFBM RBE) 

10 +(RECMRCF - RFCMRCE) - RFIMIMPE 

Stability of the cradle/carriage as a free body implies 
no net torque; with respect to the global origin, this 
15 implies the following: 

(REIS T\F - RFIS TIE) + (70) 

(REIS T2F - RF2S TIE) + (REBS RBF - RFBS RBE) + 
(RECS RCF - RFCS RCE) + RXES WE + RXFS WF - 

(RXGS R2Y - RYGS R2X) = 0 

No translational motion of the cradle/carriage system 
requires zero net force on this system. In terms of their 
global coordinate values, this requires the following 
two equations be satisfied: 

-TIX-TIX-RCX-RBX+RIX+R2X=0 (71) 

-nr- T1Y-RCY-RBY+R) Y+R2Y- WE- W- 
F=0 (72) 

Equations (67)-(72) are the complete equations of 
motion which our two body planar system must satisfy. 

Conventional recoil systems produce no vertical ac¬ 
celeration, A3F, on the recoiling cannon as well as no 
rotation, leading to equations (68) and (69) being equal 
to zero. These equations then provide a means of find¬ 
ing the forces distributed at the rear and forward sup¬ 
ports. Stabilizing moments, M ir on the cradle/carriage 
system are deduced from equation (70) as follows: 

M a =RElS TIF+REIS T2F+REBS RBF +RECS 
RCF+RXES WE+RXFS WF (73) 




Point of action 



while overturning moments are the collection of mo- 


Force 

Global Origin 


45 

ments tending to rotate the cradle/carriage 
clockwise, i.e.: 

counter 

Roller force at 

—TIES - TIFf 

RElSe + RFISf 

(59) 




—T2ES - T2Ff 

RE2Se + RF2Sf 



M„,=RF\S TIE+RF2S TIE + RFBS RBE +RFCS 


Cannon force on 

(60) 


RCE-RYGS R2X 

(74) 


—RBEe - RBFf 


(61) 

50 

For stability 




RECSS + RFCSf 



Recuperator force 

—RCEe - RCFf 

(62) 


M„ > M ov 

(75) 


Cradle weight: 

-WEy 

RXESx + RYESy 

(63) 




Carriage weight: 
Forward ground 

—WFy 

R2Xx + R2Yy 

RXFSx + RYFSy 
RXGSx + RYGSy 

(64) 

(65) 

55 

which from equation (70) implies 


reaction: 

Rear ground 

RlXx + RlYy 

Ox + Oy 

(66) 


RXGS R2Y>0 

(76) 


Coordinate values in equations (54)-(66) are calcu- 60 
lated from thein-battery configuration and the displace¬ 
ment vector 0. 

The equations of motion for the cannon as a free body 
are given below, where MR and I are its mass and mo¬ 
ment of inertia about its center of gravity respectively, 65 
and (WRE, WRF) are the recoiling weight components 
in the rotating coordinates: 


where £2 K 


M s , - M 0 , 
RXGS 


(77) 


Because no cannon rotation occurs in conventional 
systems, the (E,F) values will correspond to the (U,Z) 
values which are the same as global (X, Y) values at zero 
quadrant elevation. 

Equations (67)-(74) produces the following equation 
after some algebraic manipulation: 
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M s , - M ov = 16 + [REIS (MR A3F - WRF) - K > 
RFiS (MR A3E - WRE)] + 

RXES WE + RXFS WF + RYGS R2X 

Conventional cannon systems have both A3F and 0 
equal to zero, therefore 

M j; —M ov = —RF3S MR A3E-RE3S WRF+RF3S 
WRE +RXES WE+RXFS WF+RYGS R2X79) 

With its recoil acceleration, A3E equal to zero, at 
zero quadrant elevation equation (79) reduces to the 
expected static case: 


58 

set the aft float horizontal ground reaction to be zero, 


A sliding pivoted system provides tangential reaction 
at the supports. These tangential reactions are friction at 
the pivot and the cannon axis component of the roller 
normal reaction. The roller constraint force is normal to 
10 the track and roller surface at their contact point for 
frictionless rollers (no structural change occurs in the 
equation with friction). This fact produces a constraint 
equation: 


M s ,—M or ~ RE3S WR+RXES WE + RXFS WF. 


(80) 


15 


when WRF = — WR and horizontal ground reaction 
R2X=0 

The curvilinear recoil system according to the first 
and second embodiments of the invention provides an 
acceleration, A3F in the cannon normal direction with 
no rotation, i.e. A3F^t0 and 0=0. Stability is increased 
when A3F>0. This we called stage one of the recoil 
cycle. The resulting increase in normal velocity must 
then be reduced to zero by imparting a negative normal 
acceleration, A3F<0. This characterizes stage two of 
the recoil cycle. Stage two negative acceleration corre¬ 
sponds to a reduced stabilizing moment, M„. To main¬ 
tain stability the overturning moment, M ov , must also be 
reduced in stage two. A reduction in recoil force, RBE 
and/or a reduction in tangential component of support 
forces, TIE, T2E reduces the overturning moment 
(equation 74). 

A pivoted/sliding system is described specifically by 
equations (67)—(78) where a nonzero rotational acceler¬ 
ation is provided to the cannon, i .e. 


TIE = -yjp TIF 

where (V4E, V4F) are the velocity components of 
, point 4 (see FIG. 39). 

Frictional forces in the pivot account for tangential 
reaction, T2E, i.e.: 


(V3E) 


(84) 


9*a 


(81) 


Equation (78) shows that for 0>O stability is in¬ 
creased, and correspondingly, for 0<O stability is de¬ 
creased. Undesirable effects such as increased compo¬ 
nent stresses accompany increased stability. Maximum 
stability would result from a combined positive normal 
acceleration, A3F>0, and positive (counterclockwise) 
rotational acceleration, 0>O. Center of gravity and 
other design considerations dictate the kinematics of the 
single lift/pivot system. These kinematics result, in a 
combination of negative rotational acceleration, 0<O, 
and positive normal acceleration, A3F>0, during stage 
one, and positive rotational acceleration, 0>O and neg¬ 
ative normal acceleration, A3F<0 during stage two. 
This is accomplished by the pivoted/sliding system 
where a clockwise angular acceleration is supplied in 
stage one followed by a counterclockwise angular ac¬ 
celeration in stage two. 

Determining an appropriate track profile to give the 
required stabilizing forces requires a solution of the 
planar two body system of equations (67)-(72). Addi¬ 
tional equations are required to solve this system. We 
now consider such additions. 

Gun systems with forward and aft ground spades 
presents a statically indeterminate problem for the de¬ 
termination of horizontal ground reactions R1X and 
R2X. From a dynamic analysis view we simplify this by 
considering a system with forward spade and aft float 
with a combined horizontal ground reaction 
R1X+R2X=SPX acting on the forward spade, then 


where p, V2E are the coefficient of friction and cannon 
tangential velocity at the pivot respectively. 

Of the forces applied to the sliding/pivoted system, 
the propellant gas action, IMPE, is known a priori. 
30 Previous firings with known projectile, charge, cannon, 
and muzzle brake have produced impulse versus time 
data which are used to obtain the force IMPE as a 
function of time. Its value is always negative in our 
coordinate system. 

35 Recoil force depends on the recoil brake in use. Gen¬ 
erally, fluid is forced from a large chamber through 
position-dependent orifices to provide a braking force 
depending on fluid flow speed and orifice area. The 
fluid flow speed has a well defined relationship to recoil 
40 rod speed which can be determined from the cannon’s 
recoil velocity. Knowing the recoil force and the recoil 
brake line of action, we have values for the recoil force 
components (RBE, RBF) defined in terms of the can¬ 
non’s velocity displacement. 

45 The recuperator, which functions as a gas spring 
storing energy for the counter recoil cycle, produces a 
well-defined force in terms of the cannon’s displace¬ 
ment. 

5Q The weight components (WRE, WRF) are also 
known when the cannon’s orientation is known. 

Equations (67)-(72) and (82)-(84) are nine equations 
involving the ten quantities: (TIE, TIF), (T2E, T2F), 
(e,f), (R1X, R1Y) and (R2X, R2Y) as well as the can- 
33 non’s velocity and displacement. 

Equations (26)-(34) and (43)-(50) give the cannon’s 
acceleration, velocity and displacement in terms of the 
track displacements (e,f) and their first and second time 
derivatives. Using these equations we produce a system 
60 of nine algebraic and second order differential equations 
in the unknown quantities (TIE, TIF), (T2E, T2F), e, 

, (R1X, R1Y) and (R2Y, R2Y). One other equation is 
required to solve this system, and it is provided by ei¬ 
ther supplying the predetermined amount of stability 
65 required, i.e. 


R2Y=h(e) 


(85) 
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where h is a well defined function of track run (usually 
a constant); or supplying a predefined track profile in 
terms of a functional relation between track run and 
track rise, i.e.: 


These two cases are used to define a track profile as 
well as to check the stability produced by a given track 
profile 10 

Using equations (43)-(50) to substitute into equations 
(67)-(72) in addition to equations (82)-(85/86) produces 
ten linear equations in the ten unknowns, (TIE, T1F), 
(T2E, T2F), (e,f), (R1X, R1Y) and (R2X, R2Y) with 
coefficients depending on (e,f) as well as (e,f)- 15 

Matrix methods are used to solve for the unknowns, 
(thereby producing two differential equations for e and 
f and algebraic equations for the other quantities), when 
a predetermined stability is used to determine track 
profile. Matrix methods are also used to solve the sys- 20 
tem when-a track profile is known (f can be defined in 
terms of e, and the track profile f(e) and-first deriva¬ 
tives); one differential equation for e is produced to¬ 
gether with algebraic equations. 

Integration routines (e.g. Runge-Kutta) are used to 25 
advance the differential solution in time and the other 
unknowns are advanced in time by the algebraic equa¬ 
tion's using the advanced values of (e,f)» (e,f) or (e,e). 

Sample input and output for the predefined track 
follows. A wealth of additional output information is 30 
also generated but not included in this sample. 


Input data file of "in-batter; 
Propellant Gas impulse 
Short recoil orifice data 
Long recoil differential orif 
Track profile 

Output data at zero degrees 


Table 1 contains “in-battery” configurational data, 
time increment, printing data, weights, moment of iner¬ 
tia, recoil and recuperator data, discharge coefficients 
and coefficients of friction. 


RBE - Cannon-axial recoil brake force 
RCE - Cannon-axial recuperator force 
R2Y - Forward vertical ground reactior 
U - Cannon’s center of gravity cradle 
displacement 

Z - Cannon's center of gravity cradle 
displacement 

VU - Cannon's center of gravity cradle 


AZ - Cannon's ci 
accelerator 
IMPE - Propellant j 


■normal recoil brake force 
axial recuperator force 
•normal recuperator force 
■axial roller force on cannon 
■normal roller force on cannt 


A description of the table data follows: 


Thus, it can be seen that curvilinear recoil will ensure 
stability for a 9000 pound, 155 mm towed Howitzer 
under all firing conditions. While preferred embodi¬ 
ments of the invention have been disclosed, it should be 
50 understood that the spirit and scope of the invention are 
to be limited solely by the appended claims, since nu¬ 
merous modifications of the disclosed embodiments will 
undoubtedly occur to those of skill in the art. 


HCGE HCGR HP VTN 

HT2 VSP VCGR VCGE HRB VRB HRC VRC 

XK ACR FRC 

ARL ALEAK FRB 
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HEl VE1 HE2 VE2 HBP 

HTJ_LI_L2 L3 L4 


_ TABLE 2 _ 

M203PIMP - MI07 - BRAKE INDEX = 0.7 


.0000 000. 

.0023 -502. 

.0031 -1073. 

.0040 -2051. 

.0047 -3016. 

.0054 -4075. 

.0060 -4994. 

.0067 -6025. 

.0075 - 7096. 

.0085 - 8076. 

.0100 -9035. 

.0123 - 9913. 

.0133 -10006. 

.0163 -10211. 

.0203 -10406. 

.0271 -10602. 

.0337 -10704. 

.0514 -10806. 

.1711 -10843. 

10.00 -10843. 

M203 SHOT IMPULSE DATA 
(PIMP) M483 0.7 M.B. 


TABLE 3.1 
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-1.0000000 1.013851 

0.0000000 1.013851 

0.8000000 1.013851 

1.291688 1.013851 

1.361470 1.010653 

1.430830 1.006768 

1.499755 1.003023 

1.568197 0.9977548 

1.636092 0.9918589 

1.703422 0.9860185 

1.770196 0.9802295 

1.836365 0.9728431 

1.901858 0.9647829 

1.966662 0.9567522 

2.030781 0.9487485 

2.094217 0.9407656 

2.156980 0.9328006 

2.219074 0.9248479 

2.280457 0.9154636 

2.341081 0.9059149 

2.400949 0.8963661 

2.460064 0.8868158 

2.518429 0.8772637 

2.576050 0.8677055 

2.632918 0.8577856 

2.689002 0.8470286 

2.744279 0.8362536 

2.798753 0.8254657 

2.852428 0.8146650 

2.905309 0.8038510 

2.957396 0.7930219 

3.008698 0.7821763 

3.059215 0.7713152 

3.108953 0.7604378 

3.157912 0.7495444 

3.206097 0.7386346 

3.253514 0.7277098 

3.300163 0.7167687 

3.346048 0.7058118 

3.391173 0.6948378 

3.435541 0.6838474 

3.479154 0.6728390 

3.522004 0.6614068 

3.564073 0.6496811 

3.605354 0.6379321 

3.645854 0.6261651 

3.685571 0.6143809 


O.OOOOOOOE+OO 

0.0000000E+00 

O-OOOOOOOE+OO 

O.OOOOOOOE+OO 

O.OOOOOOOE+OO 

O.OOOOOOOE+OO 

O.OOOOOOOE+OO 

O.OOOOOOOE+OO 

O.OOOOOOOE+OO 

O.OOOOOOOE+OO 

O.OOOOOOOE+OO 

O.OOOOOOOE+OO 

0.0000000E+00 

O.OOOOOOOE+OO 

O.OOOOOOOE+OO 

O.OOOOOOOE+OO 

O.OOOOOOOE+OO 

O.OOOOOOOE+OO 

O-OOOOOOOE+OO 

0.0000000E+00 

O.OOOOOOOE+OO 

O.OOOOOOOE+OO 

0.0000000E+00 

O.OOOOOOOE+OO 

O.OOOOOOOE+OO 

O.OOOOOOOE+OO 

O.OOOOOOOE+OO 

O.OOOOOOOE+OO 

O.OOOOOOOE+OO 

O.OOOOOOOE+OO 

O.OOOOOOOE+OO 

O.OOOOOOOE+OO 

O.OOOOOOOE+OO 

O.OOOOOOOE+OO 

O.OOOOOOOE+OO 

O.OOOOOOOE+OO 

O.OOOOOOOE+OO 

0.0000000E+00 

O.OOOOOOOE+OO 

O.OOOOOOOE+OO 

O.OOOOOOOE+OO 

O.OOOOOOOE+OO 

O.OOOOOOOE+OO 

O.OOOOOOOE+OO 

O.OOOOOOOE+OO 

O.OOOOOOOE+OO 

O.OOOOOOOE+OO 


-0.8000000 

-0.8000000 

-0.8000000 

-0.8000000 

-0.8000000 

-0.8000000 

-0.8000000 

-0.8000000 

-0.8000000 


-0.8000000 

-0.8000000 

-0.8000000 

-0.8000000 

-0.8000000 

-0.8000000 

-0.8000000 

—0.8000000 

-0.8000000 

-0.8000000 

-0.8000000 

-0.8000000 

-0.8000000 

-0.8000000 


-0.8000000 

-0.8000000 

-0.8000000 


-0.8000000 
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TABLE 3.1-continued 


3.724512 0.6025827 

3.762677 0.5907704 

3.800072 0.5789457 

3.836696 0.5671085 

3.872556 0.5552604 


O.OOOOOOOE+OO 

O.OOOOOOOE+OO 

O.OOOOOOOE+OO 

O.OOOOOOOE+OO 

O.OOOOOOOE+OO 


-0.8000000 

-0.8000000 

-0.8000000 

-0.8000000 

-0.8000000 


15 


20 


25 


30 


35 


3.907655 

3.941993 

3.975575 

4.008404 

4.040482 

4.071813 

4.102400 

4.132247 

4.161355 

4.189729 

4.217372 

4.244287 

4.270477 

4.295947 

4.320699 

4.344735 

4.368062 

4.390681 

4.412597 

4.433813 

4.454334 

4.474162 

4.493303 

4.511761 

4.529538 

4.546641 

4.563074 

4.578839 

4.593944 


4.622185 
40 4.635331 
4.647835 
4.659702 
4.670936 
4.681543 
4.691526 
45 4.700891 
4.709641 


50 
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4.717778 

4.725308 

4.732232 

4.738556 

4.744277 

4.749400 

4.753928 

4.757862 

4.761202 

4.763951 

7.800000 


TABLE 3.2 


0.5434052 

0.5315396 

0.5196669 

0.5077910 

0.4959071 

0.4840214 

0.4721371 

0.4602543 

0.4483750 

0.4364989 

0.4246299 

0.4127684 

0.4009196 

0.3890818 

0.3772583 

0.3654509 

0.3536639 

0.3419012 

0.3301641 

0.3184554 

0.3067786 

0.2951317 

0.2835223 

0.2719530 

0.2604267 

0.2489453 

0.2375086 

0.2261211 

0.2147837 

0.2035037 

0.1922801 

0.1811257 

0.1700397 

0.1590218 

0.1480701 

0.1371804 

0.1263494 

0.1155722 

0.1048450 

9.4164133E—02 

8.3525240E—02 

7.2923653E—02 

6.2357269E—02 

5.182138SE—02 

4.1312072E—02 

3.0826291E—02 

2.0361101E-02 

9.9128205E—03 

O.OOOOOOOE+OO 

O.OOOOOOOE+OO 


O.OOOOOOOE+OO 
O.OOOOOOOE+OO 
O.OOOOOOOE+OO 
O.OOOOOOOE+OO 
O.OOOOOOOE+OO 
O.OOOOOOOE+OO 
O.OOOOOOOE+OO 
0.0000000E+00 
O-OOOOOOOE+OO 
O.OOOOOOOE+OO 
O-OOOOOOOE+OO 
O.OOOOOOOE+OO 
0.000000OE+00 
O.OOOOOOOE+OO 
O.OOOOOOOE+OO 
O.OOOOOOOE+OO 
O-OOOOOOOE+OO 
O.OOOOOOOE+OO 
O.OOOOOOOE+OO 
O-OOOOOOOE+OO 
O-OOOOOOOE+OO 
O-OOOOOOOE+OO 
O.OOOOOOOE+OO 
0.0000000E+00 
O-OOOOOOOE+OO 
O-OOOOOOOE+OO 
O.OOOOOOOE+OO 
O.OOOOOOOE+00 
0.0000000E+00 
O.OOOOOOOE + OO 
0.0000000E+00 
O.OOOOOOOE+OO 
O.OOOOOOOE+OO 
O.OOOOOOOE+OO 
O.OOOOOOOE+OO 
O.OOOOOOOE+OO 
0.0000000E+00 
0.0000000E+00 
O.OOOOOOOE + OO 
O.OOOOOOOE+OO 
O.OOOOOOOE+OO 
O.OOOOOOOE+OO 
O.OOOOOOOE+OO 
O.OOOOOOOE+OO 
O.OOOOOOOE+OO 
O.OOOOOOOE+OO 
O.OOOOOOOE+OO 
O.OOOOOOOE+OO 
O.OOOOOOOE+OO 
O.OOOOOOOE+OO 


-0.8000000 

-0.8000000 

-0.8000000 

-0.8000000 

-0.8000000 


-0.8000000 


-0.8000000 

-0.8000000 

-0.8000000 

-0.8000000 

-0.8000000 


-0.8000000 


-0.8000000 

-0.8000000 

-0.8000000 


TABLE 4.1 
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-l.OOOOOOOE+OO 0.0 -1.057697 
O.OOOOOOOE+00 0.0 -1.057697 
4.102004 O.OOOOOOOE+OO 

4.124434 7.5165126E—03 

4.146324 1.5395834E—02 

4.167700 2.3687208E—02 

4.188581 3.2456566E—02 

4.208988 4.1823525E—02 

4.228943 5.1778372E-02 

4.248466 6.2370304E-02 

4.267582 7.3725037E-02 

4.286306 8.5960262E—02 


0.0000000E+00 0.8000000 
O.OOOOOOOE+OO 0.8000000 
-4.148945 4.902004 

-4.172558 4.924435 

-4.195659 4.946324 

-4.218267 4.967700 

-4.240403 4.988581 

-4.262086 5.008988 

-4.283338 5.028943 

-4.304178 5.048467 

-4.324625 5.067582 

-4.344701 5.086307 
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TABLE 4.2-continued 


4.322675 0.1134252 

4.340361 0.1290231 

4.357744 0.1461041 

4.374850 0.1648802 

4.391703 0.1856409 

4.408321 0.2083413 

4.424724 0.2335584 

4.440928 0.2617374 

4.456945 0.2935334 

4.472798 0.3298665 

4.488500 0.3719839 

4.504067 0.4216233 

4.519519 0.4814890 

4.534875 0.5645148 

4.550135 0.57,30968 

4.565312 0.5819987 

4.580406 0.5911774 

4.595414 0.6006702 

4.610336 0.6105203 

4.625172 0.6207827 

4.639920 0.6315119 

4.654583 0.6427865 

4.669158 0.6547033 

4.683643 0.6675034 

4.698042 0.6814049 

4.712351 0.6967719 

4.726571 0.7142264 

4.740701 0.7351209 

4.754742 0.7625305 

4.768691 0.7888100 

4.782552 0.7863806 

4.796321 0.7839052 

4.809999 0.7813838 

4.823585 0.7788160 

4.837078 0.7762013 

4.850480 0.7735409 

4.863790 0.7708337 

4.877007 0.7680807 

4.890130 0.7652809 


-4.364424 5.104664 

-4.383814 5.122675 

-4.402894 5.140361 

-4.421682 5.157744 

-4.440202 5.174850 

-4.458474 5.191703 

-4.476517 5.208322 

-4.494348 5.224724 

-4.511982 5.240928 

-4.529437 5.256946 

-4.546726 5.272799 

-4.563867 5.288500 

-4.580874 5.304068 

-4.597763 5.319519 

-4.614552 5.334875 

-4.631256 5.350135 

-4.647871 5.365313 

-4.664399 5.380406 

-4.680839 5.395414 

-4.697188 5.410336 

-4.713449 5.425172 

-4.729618 5.439920 

-4.745697 5.454583 

-4.761683 5.469158 

-4.777578 5.483644 

-4.793379 5.498042 

-4.809087 5.512351 

-4.824701 5.526571 

-4.840221 5.540701 

-4.855646 5.554742 

-4.870975 5.568691 

-4.886209 5.582552 

-4.901346 5.596321 

-4.916386 5.609999 

-4.931329 5.623585 

-4.946175 5.637078 

-4.960922 5.650480 

-4.975571 5.663790 

-4.990121 5.677007 

-5.004572 5.690130 


10 


15 


20 


25 


30 
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TABLE 4.2 


4.903161 

4.916099 

4.928943 

4.941692 

4.954348 

4.966908 

4.979375 

4.991747 

5.004024 

5.016206 

5.028294 

5.040284 

5.052180 

5.063980 

5.075685 

5.087292 

5.098804 

5.110220 

5.121539 

5.132761 

5.143888 

5.154916 

5.165848 

5.176682 

5.187421 

5.198060 

5.208604 

5.219049 

5.229398 

5.239649 

5.249802 

5.259857 

5.269811 

5.279665 

5.279665 

5.289419 

5.299074 

5.308627 


0.7624352 

0.7595432 

0.7566041 

0.7536188 

0.7505875 

0.7475097 

0.7443847 

0.7412136 

0.7379950 

0.7347298 

0.7314178 

0.7280592 

0.7246527 

0.7211998 

0.7176988 

0.7141504 

0.7105551 

0.7069119 

0.7032204 

0.6994810 

0.6956941 

0.6918588 

0.6879748 

0.6840428 

0.6800618 

0.6760318 

0.6719536 

0.6678264 

0.6636494 

0.6594236 

0.6551480 

0.6506745 

0.6461316 

0.6415369 

0.6415369 

0.6368909 

0.6321936 

0.6274447 


-5.018924 

-5.033176 

-5.047328 

-5.061378 

-5.075329 

-5.089178 

-5.102926 

-5.116572 

-5.130116 

-5.143558 

-5.156898 

-5.170135 

-5.183269 

-5.196300 

-5.209227 

-5.222051 

-5.234771 

-5.247387 

-5.259899 

-5.272306 

-5.284609 

-5.296807 

-5.308900 

-5.320889 

-5.332771 

-5.344549 

-5.356221 

-5.367788 

-5.379249 

-5.390604 

-5.401853 

-5.412994 

-5.424028 

-5.434953 

-5.434953 

-5.445768 

-5.456475 

-5.467073 


5.703161 

5.716099 

5.728943 

5.741693 

5.754348 

5.766909 

5.779375 

5.791747 

5.804024 

5.816206 

5.828294 

5.840284 

5.852180 

5.863980 

5.875685 

5.887292 


40 


45 


50 


5.910220 

5.921539 

5.932761 

5.943888 

5.954916 

5.965848 

5.976683 

5.987421 

5.998060 

6.008604 

6.019050 


55 


60 


6.029398 

6.039649 

6.049802 

6.059857 

6.069811 

6.079665 

6.079663 

6.089419 

6.099074 

6.108627 
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5.318081 0.6226439 

5.327434 0.6177914 

5.336687 0.6128870 

5.345839 0.6079304 

5.354889 0.6029212 

5.363839 0.5978610 

5.372691 0.5927479 

5.381442 0.5875819 

5.390091 0.5823646 

5.398639 0.5770949 

5.407088 0.5717717 

5.415436 0.5663966 

5.423683 0.5609694 

5.431829 0.5554887 

5.439876 0.5499563 

5.447821 0.5443711 


-5.477562 6.118081 

-5.487942 6.127434 

-5.498213 6.136687 

-5.508374 6.145839 

-5.518426 6.154889 

-5.528369 6.163839 

-5.538202 6.172691 

-5.547926 6.181442 

-5.557540 6.190091 

-5.567045 6.198639 

-5.576440 6.207088 

-5.585725 6.215436 

-5.594901 6.223683 

-5.603967 6.231830 

-5.612923 6.239876 

-5.621769 6.247821 


TABLE 4.3 


5.455667 0.5387336 

5.463410 0.5330437 

5.471054 0.5273016 

5.478599 0.5215071 

5.486041 0.5156605 

5.493383 0.5097619 

5.500626 0.5038114 

5.507768 0.4978091 

5.514810 0.4917553 

5.521751 0.4856501 

5.528591 0.4794935 

5.535334 0.4732860 

5.541973 0.4670278 

5.548512 0.4607189 

5.554954 0.4543600 

5.561296 0.4479508 

5.567534 0.4414923 

5.573675 0.4349844 

5.579715 0.4284276 

5.585656 0.4218221 

5.591497 0.4151680 

5.597239 0.4084676 

5.602880 0.4017200 

5.608422 0.3949243 

5.613866 0.3880831 

5.619209 0.3811967 

5.624454 0.3742642 

5.629598 0.3672876 

5.634644 0.3602673 

5.639591 0.3532037 

5.644439 0.3460975 

5.649188 0.3389492 

5.653838 0.3317598 

5.658389 0.3245301 

5.662842 0.3172601 

5.667197 0.3099524 

5.671453 0.3026066 

5.675611 0.2952224 

5.679671 0.2878024 

5.683633 0.2803468 

5.687497 0.2728565 

5.691264 0.2653325 

5.694932 0.2577755 

5.698503 0.2501863 

5.701977 0.2425659 

5.705355 0.2349149 

5.708633 0.2272340 

5.711816 0.2195240 

5.714901 0.2117851 

5.717891 0.2040171 

5.720783 0.1962218 

5.723580 0.1883974 

5.726279 0.1805417 


-5.630506 6.255667 

-5.639133 6.263411 

-5.647650 6.271054 

-5.656057 6.278599 

-5.664354 6.286041 

-5.672542 6.293384 

-5.680619 6.300626 

-5.688587 6.307768 

-5.696445 6.314810 

-5.704193 6.321752 

-5.711832 6.328591 

-5.719360 6.335334 

-5.726779 6.341973 

-5.734087 6.348513 

-5.741287 6.354954 

-5.748376 6.361296 

-5.755355 6.367535 

-5.762225 6.373675 

-5.768985 6.379715 

-5.775636 6.385656 

-5.782177 6.391498 

-5.788609 6.397239 

-5.794930 6.402881 

-5.801143 6.408422 

-5.807246 6.413866 

-5.813240 6.419209 

-5.819125 6.424454 

-5.824900 6.429598 

-5.830566 6.434644 

-5.836123 6.439591 

-5.841571 6.444439 

-5.846910 6.449188 

-5.852140 6.453838 

-5.857261 6.458389 

-5.862274 6.462842 

-5.867177 6.467197 

-5.871973 6.471454 

-5.876659 6.475612 

-5.881237 6.479671 

-5.885707 6.483633 

-5.890069 6.487497 

-5.894322 6.491264 

-5.898467 6.494932 

-5.902504 6.498504 

-5.906434 6.501977 

-5.910256 6.505355 

-5.913970 6.508634 

-5.917577 6.511816 

-5.921076 6.514901 

-5.924469 6.517891 

-5.927753 6.520783 

-5.930932 6.523581 

-5.934003 6.526279 


TABLE 4.4 


5.728883 0.1726547 

5.731391 0.1647332 

5.733804 0.1567701 

5.736119 0.1487590 

5.738339 0.1406854 


-5.936967 6.528883 

-5.939825 6.531391 

-5.942576 6.533804 

-5.945220 6.536119 

-5.947758 6.538340 
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TABLE 4.4-continued 


5.740462 0.1325258 

5.742491 0.1242374 

5.744420 0.1157338 

5.746252 0.1068154 

5.747664 7.1621984E-02 

5.748933 5.8495335E-02 


-5.950189 6.540462 

-5.952513 6.542491 

-5.954730 6.544420 

-5.956837 6.546252 

-5.958584 6.547665 

-5.960172 6.548933 


5.750051 4.5882042E—02 

5.751024 3.3621687E—02 

5.751854 2.1621225E—02 

5.752546 9.8252241E-03 

5.753103 0.0 

7.0 0.0_ 


-5.961608 6.550051 

-5.962897 6.551024 

-5.964041 6.551854 

-5.965043 6.552547 


TABLE 5.1 


1.0000000E+00 

O.OOOOOOOE+OO 

O.OOOOOOOE+OO 

O.OOOOOOOE+OO 

O.OOOOOOOE+OO 

O.OOOOOOOE + OO 

O.OOOOOOOE + OO 

O.OOOOOOOE + OO 

O.OOOOOOOE+OO 

O.OOOOOOOE+OO 

-3.5704297E- 

-03 

8.3244095E —06 

0.1674310 

O.OOOOOOOE+OO 

8.6834490E—02 

— 1.4932416E- 

-02 

4.3696153E—05 

0.1841606 

0.0000000E+00 

1.1518633E—02 

—3.5885897E 

-02 

1.1213515E—04 

0.1899721 

O.OOOOOOOE+OO 

4.5756041E—03 

—6.7924976E 


2.2034568E—04 

0.1971494 

O.OOOOOOOE+OO 

4.0169014E—03 

-0.1109685 


3.7251806E—04 

0.2099580 

O.OOOOOOOE+OO 

8.6186277E—03 

-0.1634544 


6.3164369E—04 

•0.3800094 

O.OOOOOOOE + OO 

7.6783627E—02 

-0.2228303 


1.2062216E—03 

0.7308369 

O-OOOOOOOE+OO 

0.1041230 

-0.2869636 


2.2549042E—03 

1.13383 

O.OOOOOOOE+OO 

0.1052306 

-0.3541118 


3.8504284E—03 

1.574254 

0.0000000E+00 

0.1051424 

-0.4232292 


5.9886868E—03 

1.959915 

O.OOOOOOOE+OO 

9.0383865E—02 

-0.4935006 


8.6432789E—03 

2.355692 

O.OOOOOOOE+OO 

9.0458959E—02 

-0.5637445 


1.1766551E—02 

2.725955 

0.0000000E+00 

8.4948830E—02 

-0.6335507 


1.5288736E—02 

3.043031 

O.OOOOOOOE+OO 

7.3744558E—02 

-0.7029095 


1.9146206E —02 

3.317888 

O.OOOOOOOE+OO 

6.5248840E—02 

-0.7717823 


2.3291418E—02 

3.565840 

O.OOOOOOOE+OO 

5.9523795E—02 

-0.8401089 


2.7684886E —02 

3.788318 

O.OOOOOOOE+OO 

5.4053593E—02 

-0.9078820 


3.2292500E—02 

3.986916 

O.OOOOOOOE+OO 

4.8835676E—02 

-0.9751166 


3.708551 IE-02 

4.165398 

0.0000000E+00 

4.4404998E—02 

-1.041774 


4.2040113E-02 

4.333901 

O.OOOOOOOE+OO 

4.2416457E—02 

-1.107795 


4.7135282E—02 

4.490047 

O.OOOOOOOE+OO 

3.9809976E—02 

-1.173172 


5.235201 IE-02 

4.632472 

O.OOOOOOOE+00 

3.6782403E—02 

-1.237922 


5.7673849E—02 

4.763078 

O.OOOOOOOE+OO 

3.4155738E—02 

-1.302061 


6.3086770E—02 

4.883511 

O.OOOOOOOE+OO 

3.1968132E—02 

-1.365602 


6.8579562E—02 

4.996962 

O.OOOOOOOE+OO 

3.0850388E—02 

-1.428558 


7.4144699E—02 

5.105991 

O.OOOOOOOE+00 

3.0095341E—02 

-1.490890 


7.9776704E—02 

5.219314 

O.OOOOOOOE+OO 

3.1586748E—02 

-1.552559 


8.5470237E—02 

5.330114 

O.OOOOOOOE+OO 

3.1476215E—02 

-1.613569 


9.12208O4E —02 

5.438952 

O.OOOOOOOE+OO 

3.1404216E—02 

-1.673929 


9.7025134E—02 

5.546644 

O.OOOOOOOE+OO 

3.1461231E—02 

-1.733647 


0.1028805 

5.653447 

0.0000000E+00 

3.1577103E—02 

-1.792730 


0.1087846 

5.759626 

O.OOOOOOOE+00 

3.187527 IE—02 

-1.851176 


0.1147358 

5.868659 

O.OOOOOOOE+OO 

3.3242926E—02 

-1.908954 


0.1207333 

5.984429 

O.OOOOOOOE+OO 

3.5752531E—02 

-1.966043 


0.1267768 

6.101442 

O-OOOOOOOE+OO 

3.6601558E-02 

-2.022452 


0.1328652 

6.219788 

O-OOOOOOOE+OO 

3.7494771E—02 

-2.078186 


0.1389981 

6.339553 

O.OOOOOOOE+OO 

3.8433917E—02 

-2.133252 


0.1451747 

6.460821 

O.OOOOOOOE+OO 

3.9418448E—02 

-2.187657 


0.1513945 

6.583677 

0.00000COE+00 

4.0449996E—02 

-2.241407 


0.1576571 

6.708256 

O.OOOOOOOE+OO 

4.1636456E—02 

-2.294508 


0.1639622 

6.835520 

O.OOOOOOOE+OO 

4.3214798E—02 

-2.346965 


0.1703106 

6.966019 

O.OOOOOOOE+OO 

4.4903845E—02 

-2.398783 


0.1767029 

7.099882 

O.OOOOOOOE+OO 

4.6657074E—02 

-2.449965 


0.1831398 

7.237181 

O.OOOOOOOE+OO 

4.8478406E—02 

-2.500517 


0.1896220 

7.377980 

O-OOOOOOOE+OO 

5.036833 IE-02 

-2.550442 


0.1961502 

7.522369 

O.OOOOOOOE+OO 

5.2334573E—02 

-2.599745 


0.2027252 

7.670446 

O.OOOOOOOE+OO 

5.4407306E—02 

-2.648431 


0.2093475 

7.822538 

O-OOOOOOOE+OO 

5.6680486E—02 

-2.696502 


0.2160183 

7.979294 

O.OOOOOOOE+OO 

5.9355419E—02 

-2.743963 


0.2227388 

8.141224 

O.OOOOOOOE+OO 

6.2153094E—02 

-2.790803 


0.2295106 

8.312848 

O-OOOOOOOE+OO 

6.6762939E—02 

-2.837005 


0.2363349 

8.492768 

O.OOOOOOOE+OO 

7.1002141E—02 

TABLE 5.2 

-2.882564 


0.2432127 

8.678021 

O.OOOOOOOE+OO 

7.4209087E—02 

-2.927484 


0.2501449 

8.868761 

O.OOOOOOOE+OO 

7.7572688E—02 

-2.971770 


0.2571324 

9.065155 

O.OOOOOOOE+OO 

8.1110306E—02 

-3.015425 


0.2641760 

9.267386 

O.OOOOOOOE+OO 

8.4839061E—02 

-3.058452 


0.2712766 

9.475646 

0.0000000E+00 

8.8761605E—02 

-3.100857 


0.2784351 

9.690118 

O.OOOOOOOE+OO 

9.2885643E—02 

-3.142641 


0.2856525 

9.911029 

O-OOOOOOOE+OO 

9.7227745E—02 

-3.183810 


0.2929294 

10.13860 

O.OOOOOOOE+OO 

0.1018042 

-3.224367 


0.3002670 

10.37305 

O.OOOOOOOE+OO 

0.1066312 

-3.264316 


0.3076659 

10.61462 

O.OOOOOOOE+OO 

0.1117381 

-3.303659 


0.3151272 


O.OOOOOOOE+OO 

0.1171284 

-3.342402 


0.3226516 

11.12008 

O.OOOOOOOE+OO 

0.1228177 

-3.380548 


0.3302402 

11.38452 

0.0000000E+00 

0.1288294 

-3.418100 


0.3378938 

11.65714 

0.0000000E+00 

0.1351817 

-3.455062 


0.3456132 

11.93823 

0.0000000E+00 

0.1419259 
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-3.491437 

-3.527230 

-3.562443 

-3.597079 

-3.631140 

-3.664631 

-3.697552 

-3.729908 

-3.761699 

-3.792929 

-3.823601 

-3.853717 

-3.883279 

-3.912289 

-3.940752 

-3.968668 

-3.996040 

-4.022870 

-4.049159 

-4.074910 

-4.100123 

-4.124801 

-4.148945 

-4.172558 

-4.195659 

-4.218267 

-4.240403 

-4.262087 

-4.283340 

-4.304180 

-4.324629 

-4.344705 

-4.364429 

-4.383821 

-4.402902 

-4.421692 

-4.440213 

-4.458487 


67 

_ TABLE 5.2-continued 

0.3533996 12.22811 


0.3612537 12.52719 

0.3691767 12.83633 

0.3771698 13.15631 

0.3852347 13.48765 

0.3933727 13.83078 

0.4015852 14.18619 

0.4098738 14.55437 

0.4182400 14.93587 

0.4266852 15.33123 

0.4352110 15.74103 

0.4438190 16.16584 

0.4525107 16.60633 

0.4612877 17.06318 

0.4701516 17.53706 

0.4791041 18.02872 

0.4881469 18.53943 

0.4972820 19.07087 

0.5065117 19.62401 

0.5158380 20.19984 

0.5252634 20.79943 

0.5347900 21.42399 

0.5444205 22.07476 

0.5541550 22.73156 

0.5639858 23.37232 

0.5739028 23.99483 

0.5838960 24.59655 

0.5939553 25.17450 

0.6040705 25.72698 

0.6142315 26.25338 

0.6244286 26.75086 

0.6346517 27.21624 

0.6448904 27.64621 

0.6551341 28.03765 

0.6653718 28.38703 

0.6755922 28.69075 

0.6857837 28.94543 

0.6959344 29.14820 


0.0000000E+00 0.1490768 

O-OOOOOOOE+OO 0.1568507 
0.0000000E+00 0.1653148 

0.0000000E+00 0.1744635 

O.OOOOOOOE+OO 0.1842310 
O.OOOOOOOE+OO 0.1946681 
O.OOOOOOOE+OO 0.2058053 
O.OOOOOOOE+OO 0.2176912 
O.OOOOOOOE+OO 0.2303870 
O.OOOOOOOE+OO 0.2439988 
O-OOOOOOOE+OO 0.2586228 
0.0000000E+00 0.2742925 

0.0000Q00E+OO 0.2911108 

O.OOOOOOOE+OO 0.3091656 
O-OOOOOOOE+OO 0.3286582 
O.OOOOOOOE+OO 0.3496960 
0.0000000E+00 0.3732518 

0.0000000E+00 0.3988177 

O.OOOOOOOE+OO 0.4265805 
O.OOOOOOOE+OO 0.4569118 
O-OOOOOOOE+OO 0.4899313 
O-OOOOOOOE+OO 0.5259587 
0.0000000E+00 0.5653435 

O.OOOOOOOE+OO 0.5704826 
O-OOOOOOOE+OO 0.5731761 
0.0000000E+00 0.5729105 

O.OOOOOOOE+OO 0.5691178 
O.OOOOOOOE+OO 0.5612221 
O.OOOOOOOE+OO 0.5520959 
O-OOOOOOOE+OO 0.5390363 
O.OOOOOOOE+OO 0.5210612 
O.OOOOOOOE+OO 0.4976775 
O.OOOOOOOE+OO 0.4683522 
O-OOOOOOOE+OO 0.4326746 
O-OOOOOOOE+OO 0.3902606 
O.OOOOOOOE+OO 0.3409378 
O.OOOOOOOE+OO 0.2846863 
O.OOOOOOOE+O0 0.2216208 


-4.476532 

-4.494365 

-4.512001 

-4.529456 

-4.546746 

-4.563887 

-4.580893 

-4.597781 

-4.614566 

-4.631261 

-4.647868 

-4.664387 

-4.680816 

-4.697155 

-4.713404 

-4.729562 

-4.745628 

-4.761602 

-4.777483 

-4.793271 

-4.808965 

-4.824564 

-4.840069 

-4.855479 

-4.870792 

-4.886009 

-4.901129 

-4.916152 

-4.931078 


-4.975266 

-4.989798 

-5.004230 

-5.018563 

-5.032796 

-5.046929 

-5.060961 

-5.074892 

-5.088722 


0.7060357 

0.7160827 

0.7260705 

0.7359943 

0.7458493 

0.7556304 

0.7653329 

0.7749518 

0.7844822 

0.7939202 

0.8032656 

0.8125194 

0.8216825 

0.8307557 

0.8397400 

0.8486362 

0.8574450 

0.8661674 

0.8748041 

0.8833559 

0.8918237 

0.9002082 

0.9085101 

0.9167302 

0.9248693 

0.9329282 

0.9409075 

0.9488080 

0.9566302 

0.9643748 

0.9720426 

0.9796342 

0.9871503 

0.9945914 

1.001958 

1.009251 

1.016472 

1.023619 

1.030695 

1.037700 


TABLE 5.3 


29.31682 O-OOOOOOOE+OO 

29.45459 O-OOOOOOOE+OO 

29.56060 0.0000000E+00 

29.63408 O.OOOOOOOE+OO 

29.67421 O.OOOOOOOE+OO 

29.68017 O-OOOOOOOE+OO 

29.65123 0.0000000E+00 

29.58662 O.OOOOOOOE+OO 

29.48491 O-OOOOOOOE+OO 

29.37258 O.OOOOOOOE+OO 

29.26228 O.OOOOOOOE+OO 

29.15387 O-OOOOOOOE+OO 

29.04735 O.OOOOOOOE+OO 

28.94268 O.OOOOOOOE+OO 

28.83983 O.OOOOOOOE+OO 

28.73876 O.OOOOOOOE+OO 

28.63946 O.OOOOOOOE+OO 

28.54189 O.OOOOOOOE+OO 

28.44606 O.OOOOOOOE+OO 

28.35190 O.OOOOOOOE+OO 

28.25941 O.OOOOOOOE+OO 

28.16851 O-OOOOOOOE+OO 

28.07918 O.OOOOOOOE+OO 

27.99125 O.OOOOOOOE+OO 

27.90728 O-OOOOOOOE+OO 

27.82289 O.OOOOOOOE+OO 

27.74005 O.OOOOOOOE+OO 

27.65873 O.OOOOOOOE+OO 

27.57891 O.OOOOOOOE+OO 

27.50059 O.OOOOOOOE+OO 

27.42372 O.OOOOOOOE+OO 

27.34831 O.OOOOOOOE+OO 

27.27432 O.OOOOOOOE+OO 

27.20175 O.OOOOOOOE+OO 

27.13057 O.OOOOOOOE+OO 

27.06077 O.OOOOOOOE+OO 

26.99234 O.OOOOOOOE+OO 

26.92526 O.OOOOOOOE+OO 

26.85950 O.OOOOOOOE+OO 

26.79505 O-OOOOOOOE+OO 


0.1518268 
7.5847223E—02 
—5.9956508E—03 
—9.3253933E—02 
-0.1852967 
-0.2813488 
-0.3804579 
-0.4816123 
-0.5839424 
-0.5774940 
-0.5704675 
-0.5636431 
-0.5569660 
-0.5504304 
-0.5440625 
-0.5378585 
-0.5317617 
-0.5258374 
-0.5200351 
-0.5143393 
-0.5087974 
-0.5033960 
-0.4980925 
-0.4929546 
-0.4872006 
-0.4829326 
-0.4780694 
-0.4733257 
-0.4686628 
-0.4640783 
-0.4596237 
-0.4552219 
-0.4509473 
-0.4467189 
-0.4426112 
-0.4385654 
-0.4345767 
-0.4306833 
-0.4268841 
-0.4231338 
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-5.102450 

-5.116077 

-5.129601 

-5.143024 

-5.156344 

-5.169561 

-5.182676 

-5.195687 

-5.208595 

-5.221399 


-5.259189 


69 


1.044633 

1.051497 

1.058291 

1.065016 

1.071672 

1.078261 

1.084782 

1.091236 

1.097623 

1.103945 

1.110201 

1.116391 

1.122518 


TABLE 5.3-continued 


26.73191 O.OOOOOOOE+OO 

26.67005 O.OOOOOOOE+OO 

26.60947 O.OOOOOOOE+OO 

26.55016 O.OOOOOOOE+OO 

26.49207 O-OOOOOOOE+OO 

26.43521 O.OOOOOOOE+OO 

26.37959 O-OOOOOOOE+OO 

26.32516 O.OOOOOOOE+OO 

26.27194 O.OOOOOOOE+OO 

26.21990 O.OOOOOOOE+OO 

26.16901 O.OOOOOOOE+OO 

26.11929 O-OOOOOOOE+OO 

26.07073_O.OOOOOOOE+OO 


-0.4194322 

-0.4158379 

-0.4122671 

-0.4087794 

-0.4053725 

-0.4020027 

-0.3986662 

-0.3954290 

-0.3922006 

-0.3890430 

-0.3859587 

-0.3828973 

-0.3798579 


-5.271577 

-5.283861 

-5.296040 

-5.308115 

-5.320084 

-5.331948 

-5.343708 

-5.355361 

-5.366910 

-5.378352 

-5.389689 

-5.400920 

-5.412045 

-5.423060 

-5.433968 

-5.444767 

-5.455457 

-5.466039 

-5.476511 

-5.486875 

-5.497130 

-5.507276 

-5.517313 

-5.527240 

-5.537059 

-5.546768 

-5.556368 

-5.565859 

-5.575241 

-5.584513 

-5.593676 

-5.602729 

-5.611673 

-5.620508 

-5.629233 

-5.637849 

-5.646355 

-5.654752 

-5.663039 

-5.671217 

-5.679286 

-5.687244 

-5.695094 

-5.702834 

-5.710465 


TABLE 5.4 


15 TABLE 5.4-continued 


1.128580 26.02331 O.OOOOOOOE+OO -0.3768845 

1.134578 25.97699 O.OOOOOOOE+OO -0.3739793 

1.140514 25.93180 O.OOOOOOOE+OO -0.3710848 

1.146386 25.88773 O.OOOOOOOE+OO -0.3682073 

1.152196 25.84474 O.OOOOOOOE+00 -0.3654132 
1.157945 25.80286 O.OOOOOOOE+OO -0.3626057 

1.163631 25.76206 O.OOOOOOOE+OO -0.3598533 

1.169257 25.72231 O.OOOOOOOE+OO -0.3571623 

1.174822 25.68363 O.OOOOOOOE+OO -0.3544686 

1.180326 25.64603 O.OOOOOOOE+OO -0.3517788 

1.185771 25.60945 O.OOOOOOOE+OO -0.3491696 

1.191156 25.57393 O.OOOOOOOE+OO -0.3465271 
1.196481 25.54382 O.OOOOOOOE+OO -0.3355323 

1.201748 25.51526 O.OOOOOOOE+OO -0.3320866 

1.206957 25.48786 O.OOOOOOOE+OO -0.3295306 

1.212107 25.46155 O.OOOOOOOE+OO -0.3270847 

1.217199 25.43637 O.OOOOOOOE+OO -0.3246208 

1.222234 25.41229 O.OOOOOOOE+OO -0.3221672 

1.227212 25.38933 O.OOOOOOOE+OO -0.3197219 

1.232134 25.36748 O.OOOOOOOE+OO -0.3172847 

1.236998 25.34673 O.OOOOOOOE+OO -0.3148528 

1.241807 25.32709 O.OOOOOOOE+OO -0.3124244 

1.246560 25.30858 O.OOOOOOOE+OO -0.3099578 

1.251257 25.29114 O.OOOOOOOE+OO -0.3076025 

1.255899 25.27483 O.OOOOOOOE+OO -0.3051362 
1.260486 25.25964 O.OOOOOOOE+OO -0.3026612 

1.265018 25.24552 O.OOOOOOOE+OO -0.3002926 

1.269496 25.23252 O.OOOOOOOE+OO -0.2978378 

1.273920 25.22066 O.OOOOOOOE+OO -0.2952898 
1.278290 25.20991 O.OOOOOOOE+OO -0.2928488 

1.282606 25.20026 O.OOOOOOOE+OO -0.2903972 

1.286870 25.19177 O.OOOOOOOE+OO -0.2877895 

1.291080 25.18439 O.OOOOOOOE+OO -0.2852976 

1.295237 25.17814 O.OOOOOOOE+OO -0.2827311 

1.299341 25.17304 0.0000000E+00 -0.2801442 

1.303394 25.16908 O.OOOOOOOE+OO -0.2775141 

1.307394 25.16628 O.OOOOOOOE+OO -0.2748623 

1.311342 25.16463 O.OOOOOOOE+OO -0.2721685 

1.315238 25.16416 O.OOOOOOOE+OO -0.2694353 

1.319083 25.16488 O.OOOOOOOE+OO -0.2666625 

1.322877 25.16678 O.OOOOOOOE+OO -0.2638456 

1.326620 25.16988 O.OOOOOOOE+OO -0.2609775 

1.330312 25.17420 O.OOOOOOOE+OO -0.2580685 

1.333953 25.17974 O.OOOOOOOE+OO -0.2550804 

1.337543 25.18653 O-OOOOOOOE+OO -0.2520579 


-5.717986 

-5.725398 

-5.732701 
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-5.746978 

-5.753953 


-5.760818 

'-5.767574 


1.341084 

1.344574 

1.348014 

1.351405 

1.354745 

1.358037 

1.361279 

1.364472 


25.19458 0.0000000E+00 -0.2489655 

25.20390 O.OOOOOOOE+OO -0.2458049 
25.21451 O.OOOOOOOE+OO -0.2425825 
25.22643 O.OOOOOOOE+OO -0.2392884 
25.23969 O.OOOOOOOE+OO -0.2359446 
25.25429 O.OOOOOOOE+OO -0.2324957 
25.27028 O.OOOOOOOE+OO -0.2289709 
25.28766 O.OOOOOOOE+OO -0.2253571 


25 


TABLE 5.5 


-5.774221 

-5.780760 

-5.787189 


30 - 5.805823 
-5.811816 
-5.817701 
-5.823477 


-5.834703 


-5.850730 

-5.855855 


-5.865782 


40 


-5.870584 

-5.875277 

-5.879863 


-5.888711 
-5.892974 
-5.897130 
45 -5.901178 
-5.905120 


-5.912682 
-5.916302 
-5.919816 
50 -5.923224 
-5.926525 
-5.929720 


1.367615 25.30648 

1.370710 25.32678 
1.373756 25.34852 
1.376754 25.37178 
1.379703 25.39665 
1.382604 25.42310 

1.385456 25.45117 
1.388261 25.48098 

1.391017 25.51249 
1.393726 25.54580 
1.396386 25.58096 

1.398999 25.61804 

1.401565 25.65711 
1.404082 25.69823 

1.406553 25.74151 

1.408976 25.78705 
1.411352 25.83486 
1.413681 25.88513 

1.415962 25.93806 
1.418197 25.99367 
1.420385 26.05217 

1.422526 26.11373 
1.424620 26.17856 
1.426667 26.24689 

1.428668 26.31900 

1.430623 26.39522 

1.432531 26.47590 

1.434392 26.56149 

1.436208 26.65253 
1.437977 26.74965 

1.439700 26.85371 
1.441377 26.96555 

1.443009 27.08655 


O.OOOOOOOE+OO -0.2216822 
O.OOOOOOOE+OO -0.2178419 
O-OOOOOOOE+OO -0.2141866 
O.OOOOOOOE+OO -0.2102601 
0.0000000E+00 -0.2060806 
O.OOOOOOOE+OO -0.2021061 
O.OOOOOOOE+OO -0.1981003 
O.OOOOOOOE+OO -0.1937122 
O.OOOOOOOE+OO -0.1895715 
O.OOOOOOOE+OO -0.1853276 
O.OOOOOOOE+OO -0.1810680 
O.OOOOOOOE+OO -0.1767929 
0.0000000E+00 -0.1725833 
O.OOOOOOOE+00 -0.1684862 
O.OOOOOOOE+OO -0.1644871 
0.0000000E+00 -0.1606068 
O-OOOOOOOE+OO -0.1574685 
O.OOOOOOOE+OO -0.1543865 
O.OOOOOOOE+OO -0.1514768 
O.OOOOOOOE+OO -0.1498647 
O.OOOOOOOE+OO -0.1489142 
O.OOOOOOOE+OO -0.1491590 
O.OOOOOOOE+OO -0.1508744 
O.OOOOOOOE+OO -0.1545835 
O-OOOOOOOE+OO -0.1606915 
0.0000000E+00 -0.1699711 
O-OOOOOOOE+OO -0.1834360 
O-OOOOOOOE+OO -0.2021620 
0.0000000E+00 -0.2278197 
0.0000000E+00 -0.2626066 
0.0000000E+00 -0.3093497 
O.OOOOOOOE+OO -0.3734396 
O.OOOOOOQE+00 -0.4592334 


TABLE 6.1 


TUBE DYNAMIC AND VERTICAL GROUND REACTION.. 

Q.E. = 0.00 (DEGREES) SC (FEEF) = 0.000 DATE 9-NOV-89 TIME 08:17:58 
TIME RBE RCE R2Y U Z VU VZ_ AU AZ IMPE E-3 


0.000 500. 7104. 

0.001 500. 7104. 

0.002 500. 7104. 

0.003 1727. 7106. 

0.004 6347. 7112. 

0.005 17182. 7123. 

0.006 34828. 7139. 

0.007 56761. 7162. 

0.008 77749. 7189. 

0.009 93349. 7221. 

0.010 105776. 7255. 

0.011 112149. 7291. 

0.012 118531. 7329. 


8129. 0.000 0.000 0.00 

8129. 0.000 0.000 0.00 

8129. 0.000 0.000 0.00 

9114. -0.004 0.000 -7.14 

8825. -0.015 0.000 -15.58 
7338. -0.036 0.000 -26.31 
3901. -0.068 0.000 - 37.74 
22. -0.111 0.000 -48.32 
-691. -0.163 0.001 -56.63 
-652. -0.223 0.001 -62.11 
-136. -0.287 0.002 - 66.16 
-883. -0.354 0.004 - 68.15 
-88. -0.423 0.006 -70.10 


0.00 0.00 0.00 
0.00 0.00 0.00 
0.00 0.00 0.00 
0.02 -7129.13 23.23 

0.05 - 8421.17 37.75 

0.09 -10689.63 39.21 

0.13 -11361.14 45.13 

0.19 -10487.89 105.62 

0.39 -8219.05 326.10 

0.80 - 5407.06 485.86 

1.33 - 3997.46 574.66 

1.87 -1972.96 543.51 

2.41 -1921.16 548.34 


0. 

0. 

0. 

-939. 

-1112. 

-1419. 

-1524. 

-1433. 

-1159. 

-810. 


-382. 

-382. 
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TABLE 6.1-continued 


TUBE DYNAMIC AND VERTICAL GROUND REACTION.. 

Q.E. = 0.00 (DEGREES) SC (FEEF) = 0.000 DATE 9-NOV-S9 TIME 08:17:58 
TIME RBE RCE R2Y U Z VU VZ AU AZ IMPE E-3 


0.013 119693. 7367. 

0.014 118187. 7406. 

0.015 116565. 7446. 

0.016 115014. 7485. 

0.017 113188. 7524. 

0.018 111291. 7564. 

0.019 109468. 7603. 

0.024 99644. 7802. 

0.029 92730. 8000. 

0.034 87743. 8196. 

0.039 83326. 8389. 

0.044 79753. 8579. 

0.049 76738. 8765. 

0.054 74176. 8945. 

0.059 71289. 9120. 

0.064 68383. 9287. 

0.069 65432. 9447. 

0.074 62809. 9600. 

0.079 60100. 9743. 

0.084 57131. 9878. 

0.089 53769. 10003. 

0.094 45765. 10118. 

0.099 35831. 10224. 

0.104 26836. 10322. 

0.109 18551. 10415. 

0.114 10694. 10504. 

0.119 8550. 10591. 

0.124 8252. 10677. 

0.129 7954. 10761. 

0.134 7681. 10843. 

0.139 7410. 10923. 

0.144 7147. 11001. 

0.149 6891. 11077. 

0.154 6643. 11151. 

0.159 6401. 11222. 

0.164 6166. 11291. 

0.169 5943. 11358. 


-471. -0.494 0.009 -70.47 
-1069. -0.564 0.012 -70.05 
-1189. -0.634 0.015 -69.59 
-1040. -0.703 0.019 - 69.14 
-1032. -0.772 0.023 - 68.61 
-1028. -0.840 0.028 -68.04 
-988. -0.908 0.032 -67.50 
-870. -1.238 0.058 -64.45 
-850. -.1.553 0.085 - 61.36 
-774. -1.851 0.115 - 58.16 
-884. -2.134 0.145 - 54.79 
-958. -2.400 0.177 -51.55 
-959. -2.650 0.209 -48.43 
-1017. -2.884 0.243 -45.28 
-1096. -3.102 0.279 -42.12 
-1164. -3.305 0.315 - 39.06 
-1080. -3.493 0.354 -36.08 
-1250. -3.666 0.394 - 33.18 
-1321. -3.825 0.436 -30.34 
-1426. -3.970 0.479 - 27.57 
-1368. -4.101 0.525 -24.85 
-1749. -4.218 0.574 -22.27 
-2177. -4.324 0.624 -20.15 
-2351. -4.421 0.675 -18.54 
-1691. -4.510 0.725 -17.42 
-465. -4.596 0.774 -16.71 
-376. -4.678 0.820 -16.25 
-713. -4.758 0.864 -15.79 
-856. -4.836 0.906 -15.31 
-1167. -4.911 0.946 -14.83 
-1352. -4.984 0.984 -14.33 
-1576. -5.054 1.020 -13.83 
-1556. -5.122 1.055 -13.32 
-1893. -5.188 1.087 -12.80 
-1959. -5.250 1.118 -12.27 
-2010. -5.310 1.147 -11.74 
-2168. -5.368 1.175 -11.21 


2.91 -364.96 487.74 

3.33 414.43 400.07 

3.70 454.11 334.78 

4.01 439.03 290.61 

4.28 526.92 249.41 

4.51 554.49 213.88 

4.70 538.10 185.23 

5.37 607.55 91.37 

5.73 655.13 57.58 

5.98 640.28 49.13 

6.21 660.02 44.24 

6.42 635.02 44.85 

6.66 615.10 49.31 

6.92 641.00 55.04 

7.20 622.61 58.68 

7.50 604.62 62.54 

7.83 587.76 69.28 

8.18 573.57 73.51 

8.56 561.06 80.62 

8.98 548.37 87.31 

9.45 537.52 97.83 

9.91 473.20 71.29 

10.1'5 373.14 21.74 

10.14 270.59 -29.09 

9.89 181.89 -63.93 

9.51 106.31 -86.74 

9.05 90.28 -89.65 

8.61 91.53 -87.78 

8.19 96.80 -80.86 

7.79 97.00 -80.01 

7.41 99.56 -76.12 

7.04 100.39 -74.28 

6.69 106.89 -65.25 

6.35 103.39 -68.60 

6.02 106.43 - 63.72 

5.70 109.39 -58.86 

5.39 109.05 -58.21 


-180 

-76 


-55 


0 

0 

0 

0 

0 


0 

0 

0 

0 


0 


TABLE 6.2 


0.174 5719. 11422. 

0.179 5505. 11483. 

0.184 5299. 11542. 

0.189 5095. 11597. 

0.194 4897. 11650. 

0.199 4697. 11699. 

0.204 4504. 11745. 

0.209 4314. 11789. 

0.214 4118. 11829. 

0.219 3917. 11866. 

0.224 3711. 11899. 

0.229 3496. 11930. 

0.234 3257. 11957. 

0.239 2996. 11981. 

0.244 2698. 12002. 

0.249 2363. 12020. 

0.254 1981. 12035. 

0.259 1577. 12046. 

0.264 1167. 12055. 

0.269 795. 12061. 

0.274 551. 12064. 


-2445. -5.422 
-2340. -5.474 
-2562. -5.523 
-2710. -5.570 
-2578. -5.613 
-2647. -5.654 
-2751. -5.692 
-2654. -5.728 
-2816. -5.760 
-2743. -5.790 
-2743. -5.817 
-2756. -5.842 
-2741. -5.864 
-2643. -5.883 
-2522. -5.899 
-2381. -5.914 
-2244. -5.925 
-2095. -5.934 
-1920. -5.941 
-1756. -5.946 
-1647. -5.949 


1.201 -10.66 5.09 

1.226 -10.11 4.80 

1.249 -9.56 4.52 

1.271 -9.00 4.24 

1.292 -8.45 3.98 

1.311 -7.89 3.71 

1.329 -7.34 3.45 

1.346 - 6.79 3.20 

1.361 -6.24 2.95 

1.375 - 5.70 2.70 

1.388 -5.16 2.46 

1.400 -4.63 2.23 

1.410 -4.11 1.99 

1.420 -3.59 1.75 

1.428 -3.08 1.52 

1.435 -2.58 1.29 

1.441 -2.09 1.06 

1.445 -1.62 0.83 

1.449 -1.17 0.60 

1.451 -0.72 0.37 

1.453 -0.29 0.15 


107.17 -62.38 0. 

113.03 -53.71 0. 

109.27 -57.22 

107.07 - 58.72 0. 

112.70 -50.31 0. 

111.86 -49.96 0. 

109.50 -51.52 0. 

113.17 -45.57 0. 

107.66 -50.85 0. 

109.41 -47.06 0. 

108.09 -46.96 0. 

105.36 -48.36 0. 

102.51 -49.63 0. 

101.97 -47.92 0. 

100.90 -46.45 0. 

99.35 -45.24 0. 

95.47 -46.15 0. 

91.64 -46.97 0. 

89.66 -45.96 0. 

87.86 -45.04 0. 

86.68 -44.43 0. 


ROD PULL AND TRACK FORCES COMPONENTS*””******"***"*** 

Q.E. = 0.00 (DEGREES) SC (FEET) = 0.000 DATE 9-NOV-89 TIME 08:17:58 
TIME U Z RBU RBZ RCU RCZ T1U T1Z T2U T2Z 


.001 0.000 0 


0.000 0.000 500. 


500. 

3 0.000 500. 


-0.004 

.004 -0.015 0.000 

-0.036 0.000 17182. 

.006 - 0.068 0.000 34828. 

-0.111 0.000 56761. 

-0.163 0.001 77749. 


1326. 

-1666. 

-1755. 


10757. 

12978. 

11176. 

-1066. 
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ROD PULL AND TRACK FORCES COMPONENTS*******»***»»***»**** 

Q.E. = 0.00 (DEGREES) SC (FEET) = 0.000 DATE 9-NOV-89 TIME 08:17:58 
TIME U Z RBU RBZ RCU RCZ T1U T1Z T2U T2Z 


0.009 

0.010 

0.011 

0.013 

0.014 

0.015 

0.016 

0.017 

0.018 

0.019 

0.024 

0.029 

0.034 

0.039 

0.044 

0.049 

0.054 

0.059 

0.064 

0.069 

0.074 

0.079 

0.084 

0.089 


0.129 

0.134 

0.139 


0.159 

0.164 

0.169 


-0.223 0.001 93349 

-0.287 0.002 105776 
-0.354 0.004 112149 
-0.423 0.006 118531 
-0.494 0.009 119692 
-0.564 0.012 118187 
-0.634 0.015 116564 

-0.772 0.023 113187 
-0.840 0.028 111290 
-0.908 0.032 109467 
-1.238 0.058 
-1.553 0.085 92724. 

-1.851 0.115 87733. 

-2.134 0.145 83312. 

-2.400 0.177 79732. 

-2.650 0.209 76710. 

-2.884 0.243 74139. 
-3.102 0.279 71243. 

-3.305 0.315 68326. 
-3.493 0.354 65364. 

-3.666 0.394 62727. 

-3.825 0.436 60004. 

-3.970 0.479 57021. 
-4.101 0.525 53644. 

-4.218 0.574 45639. 
-4.324 0.624 35714. 

-4.421 0.675 26733. 
-4.510 0.725 18469. 

-4.596 0.774 10640. 

-4.678 0.820 8502. 

-4.758 0.864 
-4.836 0.906 
-4.911 0.946 
-4.984 0.984 
-5.054 1.020 
-5.122 1.055 6827. 

-5.188 1.087 
-5.250 1.118 
-5.310 1.147 
-5.368 1.175 


10191. 

10283. 

10370. 

10452. 

10532. 

10611. 

10687. 

10762. 

10835. 

10906. 

10975. 

11042. 

11106. 

11169. 

11228. 


-196. 1349. 


-748. 10662. 


1661. -4031. 


-10414 

-14486 

-12798 

-11483 

-8456 

-3728 


TABLE 7.2 


0.174 -5.422 1.201 5650. 
0.179 - 5.474 1.226 5436. 
0.184 -5.523 1.249 5229. 
0.189 -5.570 1.271 5026. 
0.194 -5.613 1.292 4829. 
0.199 - 5.654 1.311 4629. 
0.204 - 5.692 1.329 4437. 
0.209 - 5.728 1.346 4248. 
0.214 -5.760 1.361 4053. 
0.219 -5.790 1.375 3854. 
0.224 - 5.817 1.388 3650. 
0.229 - 5.842 1.400 3438. 
0.234 - 5.864 1.410 3202. 
0.239 - 5.883 1.420 2945. 
0.244 - 5.899 1.428 2651. 
0.249 -5.914 1.435 2322. 
0.254 - 5.925 1.441 1947. 
0.259 - 5.934 1.445 1550. 
0.264 - 5.941 1.449 1146. 
0.269 - 5.946 1.451 781. 

0.274 - 5.949 1.453 541. 


-889. 11286. -1759. 

-874. 11341. -1804. 

-857. 11393. -1848. 

-838. 11442. -1889. 

-819. 11489. -1928. 

-797. 11533. -1965. 

-774. 11574. -1999. 

-751. 11612. -2031. 

-725. 11648. -2061. 

-697. 11680. -2089. 

-666. 11710. -2114. 

-633. 11737. -2138. 

-594. 11761. -2158. 

-550. 11782. -2177. 

-498. 11800. -2193. 

-439. 11816. -2207. 

-369. 11828. -2219. 

-295. 11839. -2228. 

-219. 11846. -2235. 

-149. 11851. -2240. 

-104. 11854. -2243. 


-4918. -7171. 819. 5229. 

-3759. -5469. 692. 4327. 

-4463. -6474. 770. 4725. 

-4855. -7020. 815. 4913. 

-3674. -5291. 676. 4005. 

-3755. -5383. 682. 3983. 

-4136. -5898. 725. 4175. 

-3287. -4660. 618. 3512. 

-4274. -6020. 735. 4132. 

-3753. -5248. 666. 3705. 

-3839. -5326. 672. 3702. 

-4179. -5745. 709. 3874. 

-4494. -6120. 743. 4028. 

-4284. -5775. 710. 3824. 

-4105. -5468. 680. 3640. 

-3959. -5207. 654. 3479. 

-4193. -5438. 673. 3570. 

-4379. -5633. 689. 3641. 

-4187. -5381. 661. 3481. 

-4005. -5145. 634. 3333. 

-3883. -4986. 615. 3235- 


TABLE 8 


TUBE DYNAMIC AND VERTICAL GROUND REACTION*****.. 

Q.E. = 70.00 (DEGREES) SC (FEET) = 0.800 DATE 9-NOV-89 TIME 08:07:25 
TIME RBE RCE R2Y U Z VU VZ AU AZ IMPE E-3 


0.000 500 

0.001 500 

0.002 500 

0.003 1737 

0.004 6392 


7104. 6896. 

7104. 6896. 

7104. 6896. 

7106. 12861. 

7112. 16549. 


0.000 0.000 
0.000 0.000 
0.000 0.000 
-0.004 0.000 
-0.015 0.000 


0.00 0.00 
0.00 0.00 
0.00 0.00 
-7.17 0.02 

-15.64 0.05 


0.00 0.00 

0.00 0.00 

0.00 0.00 

-7159.24 24.81 

-8451.56 29.35 
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TABLE 8-continued 


TUBE DYNAMIC AND VERTICAL GROUND REACTION.... 

Q.E. = 70.00 (DEGREES) SC (FEET) = 0.800 DATE 9-NOV-89 TIME 08*7:25 
TIME RBE RCE R2Y U Z VU VZ_AU AZ IMPE E-3 


0.005 17296. 7123. 

0.006 35046. 7139. 

0.007 57106. 7162. 

0.008 78225. 7189. 

0.009 93949. 7221. 

0.010 106494. 7255. 
0.011 112967. 7292. 
0.012 119451. 7329. 
0.013 120726. 7368. 
0.014 120016. 7408. 
0.015 119299. 7447. 
0.016 118613. 7486. 
0.017 117935. 7526. 
0.018 117262. 7566. 
0.019 116602. 7606. 
0.024 113552. 7805. 
0.029 110762. 8002. 
0.034 108183. 8196. 
0.039 105744. 8385. 
0.044 103492. 8568. 
0.049 101417. 8743. 
0.054 99615. 8910. 

0.059 97941. 9066. 

0.064 96478. 9212. 

0.069 95240. 9345. 

0.074 94252. 9466. 

0.079 93544. 9574. 

0.084 93123. 9668. 
0.089 93027. 9747. 
0.094 93254. 9811. 
0.099 93805. 9860. 
0.104 95502. 9894. 
0.109 69724. 9913. 
0.114 14526. 9920. 

0.119 4453. 9924. 

0.124 1312. 9926. 

0.129 501. 9926. 


24916. -0.036 
37435. -0.068 
52599. -0.111 
67653. -0.164 
79389. -0.224 
89749. -0.288 
95092. -0.355 
01426. -0.425 

02444. -0.566 
02188. -0.636 
01976. -0.706 
01544. -0.775 
01037. -0.844 
00519. -0.912 
97347. -1.243 
94301. -1.557 
91612. -1.852 
88757. -2.128 
86193. -2.384 
83741. -2.621 
81310. -2.838 
78737. -3.036 
75989. -3.215 
73058. -3.374 
69944. -3.515 
66676. -3.637 
63281. -3.742 
59832. -3.829 
56522. -3.898 
53650. -3.951 
51896. -3.987 
39449. -4.006 
15783. -4.014 
11486. -4.018 
10151. -4.020 
9806. -4.021 


0.000 -26.40 
0.000 - 37.86 
0.000 -48.47 
0.001 -56.81 
0.001 -62.31 
0.002 -66.38 
0.004 - 68.40 
0.006 - 70.37 
0.009 - 70.77 
0.012 -70.37 
0.015 -69.92 

0.023 -68.94 
0.028 -68.37 
0.033 -67.80 
0.058 -64.51 
0.086 -60.98 
0.115 -57.21 
0.145 -53.20 
0.175 -49.27 
0.206 -45.42 
0.237 -41.54 
0.268 - 37.62 
0.299 -33.78 
0.329 -30.00 
0.359 - 26.30 
0.387 - 22.67 
0.413 -19.11 
0.437 -15.63 
0.457 -12.22 
0.473 -8.87 

0.485 -5.57 

0.492 -2.31 

0.494 -1.04 

0.496 -0.55 

0.496 -0.25 

0.496 -0.01 


0.09 

0.13 


4.31 

4.54 

4.74 

5.39 

5.70 

5.88 

6.10 

6.17 

6.21 

6.21 


6.02 

5.79 

5.46 

5.01 


2.83 

1.85 

0.78 

0.36 

0.19 

0.09 

0.00 


-10719.08 
-11389.98 
-10515.74 
-8245.54 
-5432.58 
-4022.09 
-1996.86 
-1944.28 
-387.33 
397.98 


532.31 
569.02 

561.32 
681.17 
759.00 

761.33 

794.22 
777.43 
762.00 
789.90 
775.84 
761.87 
747.81 
733.53 
719.05 
704.19 
689.25 
675.09 
663.38 
661.47 

489.22 
136.40 
72.21 
52.23 
47.07 


38.41 

40.90 

101.83 

328.99 

489.50 

578.49 

547.43 

552.90 

491.45 
402.94 
337.33 
292.65 

250.45 


84.75 

45.94 

33.30 

15.15 

10.93 

4.89 

-4.38 

-17.75 

-34.72 


-103.62 

-131.36 

-159.39 

-185.22 


-46.26 

-24.70 

-17.97 

-16.23 



-382. 

-382. 


-29. 

-15. 

-13. 

-6. 

-6. 

0 . 

0 . 

0. 


0. 

0. 

0 . 

0. 

0. 

0. 

0. 

0. 


ROD PULL AND TRACK FORCES COMPONENTS—***”************* 
Q.E. = 70.00 (DEGREES) SC (FEET) = 0.800 DATE 9-NOV-89 
TIME U Z RBU RBZ RCU RCZ T1U T1Z 
0.000 0.000 0.000 
0.000 0.000 
0.000 0.000 
-0.004 0.000 
-0.015 0.000 
-0.036 0.000 17296. 


0.007 - 
0.008 - 
0.009 - 


-0.355 0.1 
-0.425 0.< 
-0.495 0.< 
-0.566 0.< 
-0.636 0.1 
-0.706 0.1 
-0.775 0.1 
-0.844 0.1 
-0.912 0.1 
-1.243 0.1 
-1.557 0.1 


-2.838 0.: 
-3.036 o.: 
-3.215 0. 
-3.374 0.: 
-3.515 o.: 
-3.637 0.: 
-3.742 0.. 
-3.829 0. 


237 99569 
268 97882 
299 96406 
329 95154 

387 93427 
413 92990 
437 92879 


-3392. 9061. 


49117. 

44630. 

36522. 

30128. 

25878. 

21872. 

18359. 

15525. 


-3378. -12539. 
-5079. -17243. 
-7216. -22540. 
-9774. -28321. 
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TABLE 9-continued 


ROD PULL AND TRACK FORCES COMPONENTS... 

Q.E. = 70.00 (DEGREES) SC (FEET) = 0.800 DATE 9-NOV-89 TIME 08:07:25 
TIME U Z RBU RBZ RCU RCZ T1U TIZ T2U T2Z 


0.094 -3.898 0.457 93091. -5515. 9794. 

0.099 - 3.951 0.473 93628. -5746. 9842. 

0.104 - 3.987 0.485 95314. -5996. 9875. 

0.109 -4.006 0.492 69583. -4437. 9893. 

0.114 -4.014 0.494 14496. -929. 9900. 

0.119 -4.018 0.496 4443. -286. 9904. 

0.124 -4.020 0.4% 1309. -84. 9905. 

0.129 -4.021 0.4% 500. -32. 9906. 


-578. -12594. -34192. 1208. 20436. 

-601. -15383. — 3%26. 1370. 22365. 

-619. -17949. -44521. 1522. 24241. 

-628. -14081. -34195. 1166. 18335. 

-632. -3034. -7305. 254. 3975. 

-634. -992. -2378. 86. 1345. 

-635. -351. -839. 34. 524. 

-635. -185. -442. 20._31L 


We claim: 15 

1. A gun system having a firing cycle and a moment 

of static weight, firing of said gun system producing 
recoil forces having an instantaneous stabilizing mo¬ 
ment and an instantaneous destabilizing moment, said 
gun system comprising: 20 

a recoiling cannon assembly having a tube axis, a 
center of mass, an initial prefiring position, and an 
initial prefiring orientation; 
a cradle portion relatively fixed during the firing 
cycle for elevating said cannon assembly; 25 

a carriage portion supporting said cradle portion, said 
carriage portion being fixed in ground contact 
when said gun system is fired and said carriage 
portion and said cradle portion remaining substan¬ 
tially relatively fixed with respect to each other 30 
during the firing cycle of said gun system; 
mounting means for movably mounting said cannon 
assembly with respect to said cradle portion for 
travel along to two-stage curvilinear path, at least a 
portion of said first stage having a curved configu- 35 
ration for producing an upward force and vertical 
acceleration component to said center of mass of 
said recoiling cannon assembly during said first 
stage, said upward force causing a reaction result¬ 
ing in forces having an instantaneous stabilizing 40 
moment, and said second stage having a configura¬ 
tion different from that of said first stage for caus¬ 
ing controlled vertical deceleration of said cannon 
assembly during recoil; 

recoil braking means for applying a relatively high 45 
retarding force to said cannon assembly while said 
cannon assembly is travelling along said curved 
configuration portion of said first stage of said 
curvilinear path and for applying a relatively low 
retarding force to said cannon assembly while said 50 
cannon assembly is travelling along said second 
stage of said curvilinear path, said relatively high 
and low retarding forces having magnitudes which 
are matched to said configurations of said first and 
second stages, respectively, of said curvilinear 55 
path, whereby the instantaneous destabilizing mo¬ 
ment of the recoil forces is overcome by the instan¬ 
taneous stabilizing moment of the forces resulting 
from the reaction to the upward force of said re¬ 
coiling cannon assembly in said curved configure- 60 
tion portion of said first stage and the moment of 
static weight of said gun system; and 
return means for returning said cannon assembly to 
its initial prefiring position at the end of recoil. 

2. The gun system of claim 1, wherein said first stage 65 
of said curvilinear path also has a linear portion shaped 

to maintain the prefiring orientation of said cannon 
assembly at the beginning of recoil. 


3. The gun system of claim 1, wherein said second 
stage of said two-stage curvilinear recoil path is 
straight. 

4. The gun system of claim 1, wherein said second 
stage of said curvilinear path has a curved configuration 
and said second stage is curved in the same direction as 
said curved configuration portion of said first stage of 
said curvilinear path, the curve of said second stage 
being shallower than the curve of said curved configu¬ 
ration portion of said first stage. 

5. The gun system of claim 1, wherein said mounting 
means comprises means for producing rotation of said 
tube axis only in a vertical plane. 

6. A gun system having a firing cycle and a moment 
of static weight, firing of said gun system producing 
recoil forces having an instantaneous stabilizing mo¬ 
ment and an instantaneous destabilizing moment, said 
gun system comprising: 

a recoiling cannon assembly having a tube axis, a 
center of mass, an initial prefiring position, and an 
initial prefiring orientation; 

a cradle portion relatively fixed during the firing 
cycle for elevating said cannon assembly; 

a carriage portion supporting said cradle portion, said 
carriage portion being fixed in ground contact 
when said gun system is fired and said carriage 
portion and said cradle portion remaining substan¬ 
tially relatively fixed with respect to each other 
during the firing cycle of said gun system; 

mounting means for movably mounting said cannon 
assembly with respect to said cradle portion for 
travel along a two-stage curvilinear path, at least a 
portion of said first stage having a curved configu¬ 
ration for producing an upward force and vertical 
acceleration component to said center of mass of 
said recoiling cannon assembly during said first 
stage, said upward force causing a reaction result¬ 
ing in forces having an instantaneous stabilizing 
moment, and said second stage having a configura¬ 
tion different from that of said first stage for caus¬ 
ing controlled vertical deceleration of said cannon 
assembly during recoil; 

pivoting, sliding interface means positioned on said 
cradle portion for slidably receiving said cannon 
assembly, said cannon assembly rotating about said 
interface means when said cannon assembly is trav¬ 
elling along said second stage; 

recoil braking means for applying a relatively high 
retarding force to said cannon assembly while said 
cannon assembly is travelling along said curved 
configuration portion of said first stage of said 
curvilinear path and for applying a relatively low 
retarding force to said cannon assembly while said 
cannon assembly is travelling along said second 
stage of said curvilinear path, said relatively high 
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and low retarding forces having magnitudes which 
are matched to said configurations of said first and 
second stages, respectivley, of said curvilinear 
path, whereby the instantaneous destabilizing mo¬ 
ment of the recoil forces is overcome by the instan- 5 
taneous stabilizing moment of the forces resulting 
from the reaction to the upward force of said re¬ 
coiling cannon assembly in said curved configura¬ 
tion portion of said first stage and the moment of 
static weight of said gun system; and 10 

return means for returning said cannon assembly to 
its initial prefiring position at the end of recoil. 

7. A gun system having a firing cycle and a moment 
of static weight, firing of said gun system producing 
recoil forces having an instantaneous stabilizing mo- 15 
ment and an instantaneous destabilizing moment, said 
gun system comprising: 

a recoiling cannon assembly having a tube axis, a 
center of mass, an initial prefiring position, and an 
initial prefiring orientation; 20 

a cradle portion relatively fixed during the firing 
cycle for elevating said cannon assembly; 
a carriage portion supporting said cradle portion, said 
carriage portion being fixed in ground contact 
when said gun system is fired and said carriage 25 
portion and said cradle portion remaining substan¬ 
tially relatively fixed with respect to each other 
during the firing cycle of said gun system; 
mounting means for movably mounting said cannon 
assembly with respect to said cradle portion for 30 
travel along a two-stage curvilinear path, at least a 
portion of said first stage having a curved configu¬ 
ration for producing an upward force and vertical 
acceleration component to said center of mass of 
said recoiling cannon assembly during said first 35 
stage, said upward force causing a reaction result¬ 
ing in forces having an instantaneous stabilizing 
moment, said second stage having a configuration 
different from that of said first stage for causing 
controlled vertical deceleration of said cannon 40 
assembly during recoil, and said second stage of 
said curvilinear path is curved in the opposite di¬ 
rection to that of said curved configuration portion 
of said first stage of said curvilinear path; 
recoil braking means for applying a relatively high 45 
retarding force to said cannon assembly while said 
cannon assembly is travelling along said curved 
configuration portion of said first stage of said 
curvilinear path and for applying a relatively low 
retarding force to said cannon assembly while said 50 
cannon assembly is travelling along said second 
stage of said curvilinear path, said relatively high 
and low retarding forces having magnitudes which 
are matched to said configurations of said first and 
second stages, respectivley, of said curvilinear 55 
path, whereby the instantaneous destabilizing mo¬ 
ment of the recoil forces is overcome by the instan¬ 
taneous stabilizing moment of the forces resulting 
from the reaction to the upward force of said re¬ 
coiling cannon assembly in said curved configura- 60 
tion portion of said first stage and the moment of 
static weight of said gun system; and 
return means for returning said cannon assembly to 
its initial prefiring position at the end of recoil. 

8. A gun system comprising: 65 

a recoiling cannon assembly having a center of mass, 

an initial prefiring position, and an initial prefiring 
orientation; 


80 

a cradle portion relatively fixed during firing for 
elevating said cannon assembly; 

a carriage portion supporting said cradle portion, said 
carriage portion remaining fixed in ground contact 
when said gun system is fired and said carriage 
portion and said cradle potion being substantially 
relatively fixed with respect to each other during 
the firing cycle of said gun system; 

campath means and cam follower means associated 
with said campath means for movably mounting 
said cannon assembly on said cradle portion for 
travel along said campath means, said campath 
means defining a two-stage curvilinear recoil path, 
said first stage having a curved configuration por¬ 
tion to produce an upward force and vertical accel¬ 
eration component to said center of mass of said 
recoiling cannon assembly during said first stage, 
said upward force causing a reaction resulting in 
forces having an instantaneous stabilizing moment 
and an instantaneous destabilizing moment, and 
said second stage having a configuration different 
from that of said first stage for causing controlled 
vertical deceleration of said cannon assembly dur¬ 
ing recoil; 

recoil braking means for applying a relatively high 
retarding force to said cannon assembly while said 
cannon assembly is travelling along said first stage 
of said curvilinear path and for applying a rela¬ 
tively low retarding force to said cannon assembly 
while said cannon assembly is travelling along said 
second stage of said curvilinear path, said relatively 
high and low retarding forces having magnitudes 
which are matched to said configurations of said 
first and second stages, respectivley, of said curvi¬ 
linear path, whereby the instantaneous destabiliz¬ 
ing moment of the recoil forces is overcome by the 
instantaneous stabilizing moment of the forces re¬ 
sulting from the reaction to the upward force of 
said recoiling cannon assembly in said curved con¬ 
figuration portion of said first stage and the mo¬ 
ment of static weight of said gun system; and 

storage means for storing a portion of the recoil en¬ 
ergy of said cannon portion and returning said 
cannon portion to its initial prefiring position, using 
the stored recoil energy. 

9. The gun system of claim 8, wherein said campath 
means comprises left and right tracks positioned aft of 
the center of mass of said cannon assembly. 

10. The gun system of claim 8, wherein said campath 
means is fixedly mounted on said cradle portion and said 
cam follower means is fixedly mounted on said cannon 
assembly. 

11. The gun system of claim 8, wherein said campath 
means is fixedly mounted on said cannon assembly and 
said cam follower means is fixedly mounted on said 
cradle portion. 

12. A gun system comprising: 

a recoiling cannon assembly having a center of mass, 
an initial prefiring position, and an initial prefiring 
orientation; 

a cradle portion relatively fixed during firing for 
elevating said cannon assembly; 

a carriage portion supporting said cradle portion, said 
carriage portion remaining fixed in ground contact 
when said gun system is fired and said carriage 
portion and said cradle potion being substantially 
relatively fixed with respect to each other during 
the firing cycle of said gun system; 
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campath means and cam follower means associated 
with said campath means for movably mounting 
said cannon assembly on said cradle portion for 
travel along said campath means, said campath 
means defining a two-stage curvilinear recoil path, S 
said first stage having a curved configuration por¬ 
tion to produce an upward force and vertical accel¬ 
eration component to said center of mass of said 
recoiling cannon assembly during said first stage, 
said upward force causing a reaction resulting in 10 
forces having an instantaneous stabilizing moment 
and an instantaneous destabilizing moment, and 
said second stage having a configuration different 
from that of said first stage for causing controlled 
vertical deceleration of said cannon assembly dur- 15 
ing recoil; 

pivoting, sliding interface means positioned on said 
cradle portion for slidably receiving said cannon 
assembly, said cannon assembly rotating about said 
interface means when said cannon assembly is trav- 20 
elling along said second stage; 

recoil braking means for applying a relatively high 
' retarding force to said cannon assembly while said 
cannon assembly is travelling along said first stage 
of said curvilinear path and for applying a rela- 25 
tively low retarding force to said cannon assembly 
while said cannon assembly is travelling along said 
second stage of said curvilinear path, said relatively 
high and low retarding forces having magnitudes 
which are matched to said configurations of said 30 
first and second stages, respectivley, of said curvi¬ 
linear path, whereby the instantaneous destabiliz¬ 
ing moment of the recoil forces is overcome by the 
instantaneous stabilizing moment of the forces re¬ 
sulting from the reaction to the upward force of 35 
said recoiling cannon assembly in said curved con¬ 
figuration portion of said first stage and the mo¬ 
ment of static weight of said gun system; and 
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storage means for storing a portion of the recoil en¬ 
ergy of said cannon portion and returning said 
cannon portion to its initial prefiring position, using 
the stored recoil energy. 

13. A method for stabilizing a gun system upon firing, 
the gun system comprising a recoiling cannon assembly 
having a center of mass, an initial prefiring position, and 
an initial prefiring orientation, a cradle portion rela¬ 
tively fixed during the firing cycle for elevating the 
cannon assembly, a carriage portion supporting the 
cradle portion, the carriage portion being fixed in 
ground contact when the gun system is fired and said 
carriage portion and said cradle portion remaining sub¬ 
stantially relatively fixed with respect to each other 
during the firing cycle of said gun system, said method 
comprising the steps of: 

providing a path having first and second stages for 
displacing the cannon assembly during recoil; 

producing an upward force and vertical acceleration 
component to the center of mass of the recoiling 
cannon assembly as it recoils by displacing the 
cannon assembly along the first stage of the path; 

following said producing step, vertically decelerating 
the cannon assembly in a controlled fashion by 
displacing the cannon assembly along the second 
stage of the path; and 

applying a relatively high retarding force to the can¬ 
non assembly while the cannon assembly is travel¬ 
ling along the first stage of the path and a relatively 
low retarding force to the cannon assembly while 
the cannon assembly is travelling along the second 
stage of the path, to predictably and controllably 
decelerate the cannon assembly during said pro¬ 
ducing and decelerating steps, the relatively high 
and low retarding forces having magnitudes which 
are matched to the configurations of the first and 
second stages, respectively, of the path. 
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